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PREFACE. 



It has recently been asserted that Zoology is not a sub- 
ject which can profitably be taught in schools. In this 
opinion the author finds himself entirely unable to con- 
cur ; and the present work is an attempt to solve, upon 
a new basis, the problem how the facts of Natural His- 
tory can be imparted to the previously tminstructed be- 
ginner in such a manner that he may obtain some real 
knowledge of the subject, and not a mere parrot-like 
acquaintance with a greater or less number of technical 
names. 

In this work, no other preliminary knowledge is as- 
sumed in the learner than some slight acquaintance with 
the chief functions of the animal body. Or, it is assumed 
that the teacher, in the absence of such preliminary 
knowledge, will explain to the learner the meaning of 
such terms as " breathing-organs," " circulatory system," 
or the like, and will point out in what the processes of 
respiration and circulation really consist. 

Instead of reviewing the divisions of the Animal King- 
dom in a systematic manner, a series of common types 
has been chosen, representing the various classes of ani- 
mals, and the leading peculiarities of these types have 
been described more or less fully. At the close of the 
description of each type, the characters which it possesses 
in common with the other members of its class are 
pointed out; and in a concluding chapter it, is shown 
how the classes may be arranged under larger divisions 
or "sub-kingdoms." 

Two or three classes, as being of very small import- 
ance, have been altogether omitted. For obvious reasons, 
also, the reproductive system and processes of the ani- 



IV PREFACE. 



mals here described have been altogether ignored. For 
equally obvious reasons, the peculiarities which are con- 
nected with internal structures have been in many cases 
passed over in silence, or merely alluded to ; whilst atten- 
tion has been directed to the conspicuous characters 
which are afforded by external points of structure. 

The animals selected as rep^entatives of the various 
classes are, with few exceptions, common types ; and any 
teacher may readily obtain all of them, or nearly allied 
forms, for class demonstration, so that all the more im- 
portant points alluded to can be shown to the learner 
upon the specimens themselves. 

The technical terms employed in the descriptions of 
the types are exceedingly few in number, and explana- 
tions of their meaning have been invariably inserted in 
the text, along with their derivation, thus rendering a 
separate glossary unnecessary. 

With tibe exception of the forms here chosen as repre- 
sentatives of the classes of the Pteropoda and Brachio- 
poda, the author may be permitted to state that he has 
personally examined and dissected, either in the fresh 
state or as preserved in alcohol, all the types here 
selected for description ; and that in the cases excepted he 
has a similar personal acquaintance with forms closely 
allied to the ones described, whilst the latter have been 
studied by him as regards their hard parts. Since most 
of the forms here selected are of conmion occurrence, and 
since the author is by profession a teacher of Natural 
History, he does not state this as being in the smallest 
degree a fact worthy of praise, or, indeed, of mention at 
all in an ordinary way, but simply as a guarantee that he 
is not merely retailing second-hand information. Most 
of the facts, therefore, recounted in the present work, 
though by no means original, have been verified by the 

gersonal examination of Uie author ; and the descriptions 
ave been drawn from actual specimens. 

Universitt College, Toronto, 
June 2, 187S. 
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CHAPTER I. 

INTRODUCTOEY. 

Before commencing the proper subject of this work — 
namely, a consideration of the leading types of structure 
as exhibited in the different classes of animals — ^it may be 
well briefly to consider how an animal lives. Without 
entering into any consideration of the much-vexed ques- 
tion whether the substance which composes the bodies of 
animals is in all cases substantially the same or not, it 
remains certain that the mere act of living is, in all cases, 
attended with more or less destruction of the material of 
which the living body is composed. Every vital act, of 
whatever kind, is attended by a destruction of the tissue 
which is concerned in the act. Thus, every movement 
of the body is effected at the expense of some muscle, and 
every thought we think is attended by a destruction of 
a portion of the substance of the brain. Hence comes 
the notorious fact that no animal can eids»^ ^^^<^\^ {qkA. 
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If vital actions did not take place at the expense of the 
already existing substance of the body, then an animal, 
when once produced, might go on living for an indefinite 
period, without any necessity of eating. As it is, the 
process of living is attended with a constant destruction 
of the living matter of the body, and if this destruction 
were not counterbalanced in some way, an animal would 
rapidly waste away and die from the incessant losses of 
matter, caused by its movements and other vital processes. 
This result, however, is prevented by the fact that every 
animal is constantly talang in " food," for the purpose 
of repairing the losses caused by living, and in this the 
process of " nutrition " (Latin, nutrioy I nourish), essen- 
tially consists. 

Different animals live upon different kinds of food, 
but in all cases the food must contain materials which 
are capable of taking their place in the structure of the 
animal ; otherwise it is not food in the proper sense of 
the term. And, as a matter of fact, the food of all ani- 
mals, whether it consist of vegetables or of flesh, or of 
both combined, can be shown to consist of essentially the 
same constituents, and to be capable of entering into the 
body of the animal to be nourished. The first condition 
of nutrition, therefore, is that the animal should be able 
to get food containing materials which can be built up 
into its own tissues. 

As a general rule, the food which an animal eats cannot 
be built up direcUy and mthout change into the new struc- 
tures of the body. On the contrary, the food has to 
undergo certain changes before it can be employed in 
making new tissues. These changes are effected by what 
is commonly called the " digestion " of the food, but what 
is more properly and in a more general sense known as 
''assimilation" (Latin, assimUo, I make like to). In 
other words, the food has to be reduced to a common 
basis having a certain likeness to the tissues which it 
is intended to replace, before the animal is in a position 
to make use of it. 
In most animah, the process of assimilation is com- 
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menced, and to a certain extent carried out, by a more 
or less complicated digestive apparatus. In any case, the 
first part of assimilation consists in the melting down of 
the food into a common nutritive fluid, which contains 
certain organic compounds which existed in the food to 
begin with, or were manufactured out of it in the process 
of digestion. In the higher animals, the food is so acted 
upon in the stomach and intestines that it forms a complex 
fluid, which is then "absorbed" or sucked up from the 
alimentary canal, to form the " blood." The blood, there- 
fore, is to be regarded as an organic fluid which is manufac- 
tured out of the food which the animal eats. The blood 
has dissolved in it the materials which are necessary for 
making new tissues, and it has to be distributed to the 
various parts of the body, so that each tissue may take from 
it the substances which are requisite to repair its losses. 
This is usually effected by a distinct propulsive organ — 
the " heart " — ^which drives the blood to all parts of the 
body. 

What occurs, then, in any of the higher animals, is 
readily understood. The various parts or tissues of the 
body are gradually wearing away, and they require fresh 
material for replacing their waste. This fresh material is 
contained in the blood, and is derived from the food; and 
it is incessantly driven to the different parts of the body. 
As the blood, therefore, circulates through each organ of 
the body, that organ abstracts from its living current 
the materials required to restore its losses and its waste. 

Not only does each organ of the body take from the 
blood the materials requisite to repair its losses, but each 
at the same time throws off into the blood the worn-out 
and useless materials which have been produced by its 
slow destruction and wearing away. The result of this is 
that the blood very rapidly becomes impure, and gets 
loaded with waste matter as it circulates through the 
tissues and organs of the body. 

It follows from this that the blood has two processes 
to undergo, if it is to remain in a healthy condition. In 
the first place, the various tissues oi t\vfe \i^^^ ^3t^ ^^^v^ 
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stantly draining away from it nutritive materials, and it 
has therefore to be constantly receiving a supply of these 
same materials from the food, as prepared by the digestive 
organs. In the second place, the various tissues of the 
body are constantly throwing off into the blood waste 
matters, and the blood must get rid of these, if it is to 
retain its purity. This latter process is generally effected 
by means of distinct breathing organs, in which the blood 
is exposed to the action of the air. In the air-breathing 
animals the breathing organs are filled with air directly ; 
in the water-breathing animals the breathing organs are 
adapted for absorbing the air which is generally dissolved 
in water. In either case, the waste materials contained in 
the blood are got rid of by the action of the oxygen con- 
tained in the air, which unites with them, and literally 
bums them up. 

The main function, then, which any animal has to per- 
form, is to nourish itself, or, in other words, to supply itself 
with materials capable of taking the place of the tissues 
which become worn out in the discharge of the vital func- 
tions. Animals, however, have more to do than this. 
They have to become acquainted with what is outside 
themselves, and to hold certain relations with the external 
world ; and these relations come in a general way under 
the heads of "locomotion" and "sensation." Most ani- 
mals, namely, can change their relations to external ob- 
jects, as regards space, by moving , and their movements 
are generally effected by means of special locomotive 
organs. Most animals possess the power of changing 
their place bodily, and even those which cannot do this, 
by reason of their being permanently rooted to one place, 
can nevertheless move their bodies more or less freely. 
The organs of locomotion, or rather the agents of loco- 
motion, are usually " muscles ; " but some animals move 
about without having any distinct muscles, or indeed any 
permanent locomotive organs. In most cases, also, the 
organs of locomotion are brought under the control of 
the animal's will by means of the special structures which 
constitute a "nervous system." It is not, however, by 
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any means necessary that a distinct nervous system should 
be present. 

As a general rule, animals can not only change their 
place, but they are also enabled to obtain some knowledge 
of the nature and characters of bodies outside themselves, 
by means of certain " organs of the senses." Thus, the 
higher animals have special organs for the perception of 
light, sound, odours, and tastes or flavours, whilst their 
sense of touch enables them to detect the more material 
properties of bodies foreign to themselves, as well as of 
their own bodies. As a general rule, these senses, as in 
the case of the locomotive organs, are under the control of 
a "nervous system;" but there are many animals in which 
a nervous system is absent, and to which we have, never- 
theless, no reason to deny the possession of at any rate 
some of the senses, if in only a rudimentary form. 

For the preservation and continued existence of each 
individual animal it is only necessary that it should be 
able to nourish itself, and that it should have certain 
relations with the outer world. Under any circumstances, 
however, the life of each individual animal comes to an 
end some time or other, owing to the inevitable failure of 
the nutritive powers which comes on when the animal has 
reached a certain age. In other words, death comes sooner 
or later to each individual animal, in consequence of its 
reaching a period of its life when it is unable to " assim- 
ilate " food enough to replace the constant loss of tissue 
caused by living. In every kind of animal, therefore, the 
individiuU dies after a longer or shorter period of exist- 
ence, but the kind or " species " of animal does not die or 
disappear, because animals are endowed with the power 
of reproducing their like. Thus, by producing young like 
themselves, all animals have the power of continuing their 
kind through successive generations, in spite of the fact 
that the individuals of each generation perish, each in his 
appointed time. 

It follows from what has been here remarked, that an 
animal, in its life, discharges three principal sets of fimc- 
tions. It nourishes itself •, it Tiaa eei\al\xi x^^ilv5iwa» "^^>&cl 
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the world around it; and it reproduces its like. All 
animals discharge these three sets of functions, but the 
higher animals have much more complicated relations 
with the world outside than the lower. The study of 
the way in which these functions are discharged by dif- 
ferent animals, belongs to the science of Physiology, and 
will not be discussed here. In what follows, therefore, 
we shall simply consider the/orm or structure of the more 
important types of animal life. 



CHAPTER 11. 

CLASS RHIZOPODA. 

The animals belonging to this class are mostly very 
minute, and none of them, except the Sponges, can be 
said to be familiarly known. Owing to their complexity 
of structure, comparatively speaking, it will not be ad- 
visable to take one of the Sponges as the type of this 
class. We shall therefore select as an example the 
little animalcule known as the Amoeba. 

The Amoeba, or "Proteus-Animalcule" (fig. i), is an 
inhabitant of most collections of stagnant water, especially 
where decaying vegetable matter is present; and it is 
microscopic in its dimensions. It derives both of its 
names from its wonderful power of altering its shape 
(Greek, ajnoibos, changing ; Latin, Proteus, a sea-god who 
had the faculty of assuming different shapes). This 
power it owes to two circumstances. In the first place, 
the entire body is composed of a soft gelatinous sub- 
stance, which has very little cohesion, and which can 
readily flow in different directions. In the second place, 
the animal has the power of thrusting out thick, blunt, and 
£nge]>sbaped processes of its body-^Mbstance^ which may 
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be compared to Little roots. Hence the name of the entire 

clasa Ehi2opoda (Greek, rhita, a root ; podf», feet). 




ig. I.— A, Amciba developed [a flnlda eonUlDtng orgulc mattsr, mr 
greatlr uugnlHed (after Betla). B, AinaAn pravxpt (Rftet Certer). 
nlgtilr msgnjfled; e Rndimenlary clrenlAWTy ois*~ "" "" — '" ' '^"■■"" 
treuepueiic la^er or tb« body. 






These root-like proceaaes can not only be throat out at 
any part of the surface of the body, but they can also be 
withdrawn at will, leaving no tracea of their former eziat- 
ence. By means of these, as by temporaiy feet, the 
animal creeps about alowly, and by means of these it also 
obtains its food. Thus, the Amreba possesaes no mouth, 
but whenever it comes across any substance or small 
animal that ia eatable, it wrapa one of these temporaiy 
processes round it, and gradually withdrawing the hand 
thus extemporised, lodges its capturo within the aoft 
substance of its body. Instead, therefore, of possessing 
a aiugle permanent mouth, the Am^ha can make a mouth 
for itself at any point of the surface of the body, and ita 
process of feeding has been appropriately compared to 
thrusting a stone into a lump of dou^. 

As baore remarked, the substance of the body in the 
Amoeba is entirely soft and gelatinous. It eshibita little 
that can be called " stmcture," except that the outer layer 
of the body is more transpaient tliun &% <:ft'G&.'n^v''^'s^ 
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and that this latter is thickly crowded with little rounded 
particles, and is somewhat more fluid than the exterior. 
Not only is there no mouth, but there is no trace of any 
stomach or other digestive organ, and the particles of food, 
enguKed by the temporary feet, merely pass into the 
central, semi-fluid substance of the body. There is an 
organ (fig. i, B, n), which is perhaps concerned with the 
production of young Amoebce ; and there is a little cham- 
ber or bladder (c), which dilates and contracts at intervals, 
and which may perhaps be regarded as a rudimentary 
heart. Beyond these no interned organs of any kind have 
hitherto been shown to exist. 

The Amoeba is not only to be found in most ponds, but 
it is usually developed in all fluids which contain vege- 
table or animal matter, and are allowed to stand exposed 
to the air in a warm place. Thus, if we take a little hay 
and boil it in water, and then let the fluid thus prepared 
stand in any place where the air is allowed free access to 
it, we shall generally be able to detect Amoebce in it after 
a few days, by the use of the microscope. 

Recapitulation op Essential Characters. — ^The 
body is soft and gelatinous, and has no very definite 
shape. From any part of the surface (or at least from 
some portion of the surface), processes of the body-sub- 
stance can be thrust out, which act as temporary feet and 
hands, and which can be withdrawn when their purpose 
is fulfilled. There is no mouth, or digestive system, no 
nervous system, and no breathing-organs ; and the circu- 
latory system is at most represented by a rudimentary 
contractile sac or chamber. These characters distinguish 
the class of the Rhizopoda as a whole. 



CHAPTER m. 

CLASS INFUSOBIA. 

The animals known as "Infusorian Animalcules/' are 
all microscopic in their dimensions, and, though of uni- 
versal occurrence, they are for this reason only known to 
scientific observers. They derive their name from the 
fact that they occur very frequently in what are called 
" vegetable infusions." By this term is meant the fluid 
whii is obtained by pouring hot water upon any vege- 
table substance (Latin, tn, in ; fundo, I pour^, and then 
straining off the solid particles. The Infvsona^ then, are 
so called because they are always, or almost always, to be 
found in fluids of this nature, which have been exposed 
for a longer or shorter time to the air. They are also of 
almost universal occurrence in all stationary collections of 
water, whether fresh or salt. As the type of this class 
we may select the animalcule known as Paramoecium, a 
very brief description of which will suffice to indicate the 
leading points of interest in these animals. 

Faramoecium (fig. 2) is one of the most common of 
animalcules in stagnant water, and is only visible under 
the microscope. Its body is somewhat oval or slipper- 
shaped, and is almost quite transparent. ExtemaQy it is 
covered by a delicate membrane, which supports a num- 
ber of little vibrating hair-like processes, which are called 
" cilia " (Latin, cilium^ an eyelash). These little filaments 
when in active motion cannot be detected by the eye, 
owing to their transparency, but they can readily be seen 
when nearly at rest ; and they are still more easily recog- 
nised by seeing that all minute solid particles which may 
be floating in the water are forcibly driven away when 
they approach within a certain distance of the animaL 
By the vibrations of these " cilia," which lash to and fro 
like so many little whips, currenXa at^ ^^\»m^ ycl *^^ ««sr 
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la, dlTldltig loDgitadliiiilT. 

Immediately within the delicate eitemal membrane 
which covers the body, ia a layer of a firmer and more 
consiatent character ; and thia, in turn, gradually melts 
into a soft, semi-fluid central mass, which constitutes the 
greater portion of the body, and which contains numerous 
small solid particles fioating in it. 

The animal is provided with a distinct month, and a 
short, funnel-shaped gullet, but the mouth does not open 
into a stomach, or even into a distinct body-cavity. 
Hence the food simply passes through the mouth into 
the semi-fluid central substance of the body, and the in- 
digestible parts of it are expelled by a second opening 
placed near the mouth. 

The most important internal organs, and indeed almost 
the only ones, are one or two little chambers (fig. a. A, n v), 
which open and shut at regular intervals, perhaps five or 
six times in a minute, and which appear to drive the 
fluid which they coutiun through all parts of the body. 
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These organs are doubtless a rudimentary form of circu- 
latory apparatus. 

There are no distinct organs of digestion, nor breathing 
organs, nor nervous system, and no traces of a circulatory 
system, beyond the little contractile chambers just men- 
tioned. 

Pararrwedum has the power of multiplying itself by 
dividing into two parts, either transversely or longitudin- 
ally (fig. 2, B, C)j but it can also produce young by 
means of eggs. 

Recapitulation of Essential Characters. — The 
body is usually composed of three distinct layers, and is 
generally provided ^th the little vibrating fila^ients T^hich 
are known as " cilia." A mouth is present, but there is 
no distinct stomach or body-cavity. There are no diges- 
tive or respiratory organs, and no nervous system, and the 
only traces of a circulatory system are to be found in one 
or more little pulsating sacs or chambers. These charac- 
ters distinguish the class Infusoria as a whole. 



CHAPTER IV. 

CLASS HYDROZOA. 

The animals which compose this class are for the most 
part inhabitants of the sea; and, from their small size, 
or their plant-like appearance, or again, their living far 
from land in the open ocean, they can hardly be said 
to be at all known in general. As the type of this class 
we shall take a small and abundant form which occurs in 
many ponds and lakes in Europe, namely, the common 
Fresh -water Polype {Hydra vulgaris)) from which the 
name of the entire class is derived (Greek, hudra, a 
water - dragon, hence a Fresh -water Polype; zooti, an 
animal). 
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The body of the Hydra (fig. 3, A) is in the fonn of 
a simple cylindrical tube, the wall of which is composed 
of two distinct layers, an outer and inner (shown by the 
dark and light lines in fig. 3, B). At its base the body 




Rg. a.— A, The Common Hydni (fftfdra mrfjorfj), einring joong Hj/drn 
wbifJi tt baa proanwd by budding, consldBiably magi^ed (anerHincki); 
B. DLagruoDutia isctlon of tbs Hydra, ahowlng tbe moutb Burroaaded 

indkcBtfl the tvo layers of the tDtogument, and cm one ilda of uie b«^ 
ii ibows « tingle laige egg. 

forms a little disc or sucker, by means of which the 
animal can attach itself to stones, floating pieces of 
wood, or the stems of water-plants. It can also, by 
means of this disc, glide slowly, like a snail, over the 
surface to which it is fixed; but it can detach itself 
entirely when it chooses. 

At tJie opposite end of the body is placed the opening 
0/ the moatb, surrounded by fcom BOTeii to \.^eW% flexible 
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and extensible processes, wMch are tennd the ^^tenta- 
cles '' (Latin, tento, I touch). By means of these feelers 
the animal seizes its prey. 

The mouth opens into a long cylindrical cavity, which 
occupies the whole length of the body, and which receives 
the food. This cavity may therefore be regarded as the 
stomach; though it is really the general cavity of the 
body, since it is enclosed by the general integument. 
Nothing further can or need be said about the internal 
anatomy of the Hydra; since the undigested food is 
simply expelled through the mouth, and there are no traces 
of a nervous system, of breathing-organs, or of any circu- 
latory apparatus. 

The walls of the body in the Hydra are very soft and 
contractile, and the animal can puU itself together into a 
shapeless lump when irritated, or can expand 
itself and thrust out its tentacles when in 
search of food. The outer layer of the body, 
and especially of the tentacles, is roughened 
by innumerable little microscopic bodies, 
which are known as "thread -cells" or 
"nettle -cells." These curious little organs 
(fig. 4) are seen, when highly magnified, to 
consist of a little bladder filled with fluid, 
and carrying at one end a long filament or 
thread. This thread can be darted out with 
great rapidity and force, and it is used by 
the animal in capturing its prey. The 
thread-cells are too weak to pierce the human ^^f^it'^Se^y- 
skin, but they wound the soft bodies of the dra; much 
worms and other minute animals upon which "^*8°'^®*^* 
the Hydra feeds, and they appear also to exercise some 
poisonous or benumbing effect. 

In the summer time, the Hydra produces young ones 
by a process of budding, as is seen in fig. 3, A, much as a 
plant throws out buds ; but these young are detached to 
lead a separate life, when they are fully grown. In the 
autiunn the Hydra also produces eggs. 

The Common Hydra is iouad ^JovrcA^^^l '^sv "ce^R^ 
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streams and ponds. Though not very much larger than 
the head of a large pin when contracted, the animal can 
push itself out to a considerable length, and is generally 
easily recognised by its brownish -red or orange colour. 
The Hydra, lastly, has a great power of resisting mutila- 
tion or mechanical injury. If cut up with a knife, all 
the pieces will grow and develop themselves into fresh 
Hydras, and the animal may even be turned inside out, 
without appearing to suffer 4reby. 

Recapitulation of Essential Characters. — The 
body is composed of two distinct membranes or layers, 
an outer and an inner, of which the outer is furnished 
with the offensive weapons known as thread-cells. There 
is a mouth, surrounded by tentacles; but the mouth 
opens into a large chamber, which may be regarded as 
the stomach and body- cavity in one. There are no 
distinct organs of circulation, or respiration, and no 
traces of a nervous system. These characters distin- 
guish the Hydrozoa as a whole. 



CHAPTER V. 

CLASS ACTINOZOA. 

The chief animals comprised in this class are the so-called 
Sea-Anemones and Corals ; and the scientific name of the 
class is derived from the fact that the body generally 
shows a distinctly star-like arrangement of its parts, 
all of which "radiate" from a common centre (Greek, 
oMin, a ray; zoon, an animal). They are therefore 
"radiated'' animals, and a good example of the class 
may be found in the Actinia Trvesernhryanthemum, one 
of the commonest of the British Sea-anemones. 

This familiar Sea-anemone (fig. 5, A) has, when un- 
dlsturbed and in a state of activity, t\ie iotm. of a short 
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cylinder or colmnn, the base of which foimB a broad 
muscular disc, by means of which the animal fixes itself 




pig, JJM — A, Aeiima mgsejttbryoTitAimum, 0110 of tht BM'A1ieiQ0D« (after 
Jotuuton) : B. Section of ths ume, showing tli« mouth {a), tfae 111)1111x0] 
<6},uHlthBbudy-c9vit;(c); tba dark and Ugbt llnea ihoir Uie two Integ- 
menU of Uib may. 

to a Stone or other foreign body. Though thus rooted 
habitually, the animal has, however, the i^7%t -^ ^s^aeIs^- 
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ing itself and changing its place if necessary. At the end 
of the animal opposite to the fixed base is placed the 
mouth, in the centre of a rounded, smooth space, which 
is surrounded by a fringe of numerous hollow processes 
or " tentacles." 

Both the body and tentacles are formed out of two 
membranes, an outer and an inner (shown by the dark 
and light lines in fig. 5, B) ; and the outer layer of the 
skin contains a vast number of microscopic stinging 
organs or " nettle-cells," essentially similar to those which 
we have already seen in the Fresh -water Polype. The 
skin, also, is very contractile, and the animal can pull 
itself together into a mass when irritated, or even when 
left uncovered by the retreating tide. 

The tentacles are hollow, and communicate with the 
cavity of the body. They can be drawn in at will, and 
are the organs by which the animal captures its prey. 
At their bases is seen a circle of from eight to twenty- 
five bright blue spots, which are perhaps rudimentary eyes. 

The internal anatomy of the Sea-anemone is of a very 
simple character. The mouth opens into a globular 
stomach (fig. 5, B, 6), and this opens below by a wide 
aperture into the general cavity or space included within 
the walls of the body. This last-mentioned space is filled 
with sea-water, mixed with the products of digestion, and 
it is subdivided by a number of upright membranous 
plates, which wall off the body -cavity into a series of 
chambers or compartments. 

The digested portions of the food pass through the 
stomach into the general cavity of the body, and the 
indigestible portions are got rid of through the mouth. 
There is no nervous system, nor are there any breathing- 
organs, nor any organs of the circulation. 

The Actinia rriesemhryantkemum is strictly marine, and 
is found abundantly on the coasts of Britain between 
tide-marks, adhering to stones, or expanding its beautiful 
flower-like disc in shallow rock-pools. It varies extremely 
in colour, being usually of a liver-brown or olive-green 
colour, hut not uncommonly being purplish-red, or grass- 
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green; and it attains a diameter of an inch or an inch 
and a half. 

Recapitulation op Essential Chaeactees. — The 
body is made up of two distinct layers, enclosing a 
** body- cavity" which communicates freely with the 
outer world through the mouth. There intervenes, 
however, between the mouth and the body -cavity a 
globular stomach. The integument is furnished with 
** nettle-cells." There is no nervous system (with few 
exceptions), and distinct organs of respiration and circu- 
lation are not developed. These characters distinguish 
the class Actinozoa as a whole. 



CHAPTER VI. 

CLASS ECHINODEBMATA. 

The commonest of the animals which are included in 
this class are generally known as Sea-urchins, Star-fishes, 
Brittle-stars, Sand-stars, and Sea-lilies. Most of these com- 
mon names refer to the fact that the body in these animals 
is generally more or less star-like in shape. The name 
" Sea-urchin " and the technical name " Echinodermata^^^ 
on the other hand, refer to the fact that the skin in these 
animals is generally rendered prickly, like that of a hedge- 
hog, with numerous spines, tubercles, and grains of lime 
(Greek, echinos^ a hedgehog ; demuif skin). As an exam- 
ple of this class we may take the common Star-fish or 
Cross-fish ( Uraster ruhens) of British seas. 

The most conspicuous point about the form of the Star- 
fish is its strikingly star-like shape (fig. 6). It consists, 
namely, of a by no means well-marked central body or 
disc, from which spring five (sometimes four or six) blunt 
finger-like processes or "arms." The atma^ixviaa^l^sroji. 
a star, and the body looks as li it ^ex^ c«vsc^Q^^ ^^ ^^^^a 

B 
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bases of the anne united toeetliet. The body of the Star- 
fish is therefore said to nare a " radiate " structure 
(I^tin, radiut, a ray). 




Fig. &— Tha Cammcm Starfiah (Unuter rabitu), nitonl ilzs, Tleired 

The entire upper surface of the body in the Star-fish is 
covered with, a leathery skin, from which project niiTQ»- 
rous blunt conical spines or prickles composed of lima 
Along the middle of the back of each arm, these spines 
form a well-marked zigzag line, more conspicuous in some 
examples than in others. Between the spines also are 
much smaller, stalked pricklea, which can be seen ivheu 
magniSed to terminate in little pncieia. 
£t the centre of the viudei BtixtBAft(iltiaftVAi''a'^utHe& 
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the opening of the mouth, sutroimded by a fringe of long 
spines. From the moath radiate five broad and shallow 
grooves, which proceed along the under sur^e of the 
five arms, gradually tapering towards their extremities. 
Each of these grooves is bordered by a row of long spines, 
and each has its floor formed by a double row of little 
plates {fig. 7, a a), which run across the groove, and are 
BO shaped as to leave a little opening between every pair 
of plates in the series. 

It follows from the above, that if we cut the arm of the 
8ta^fish across, we find that it is rounded above, and 




Fig. 7. — One of the umi of the Star-nBh, cut acron. tn abow the gioote on 
the under aorfice. a a TnWBvene pUtea titim form the Boor of the 
grooie; tTlie w»ter-vea»el, with the fittle "feet "proceeding ftom it; b 

hollowed out or grooved below (fig. 7), If we examine 
the animal in its living state, we find each groove 
under the arms to be occupied with four rows of little 
delicate membranous tubes, which end in little suckers. 
These tubes are called the "feet," because it is by tie 
combined action of these that the Star-fiah creeps about. 
The "feet" can be thrust out to a great length, and they 
spring from a common tube which runs along the bottom 
of the groove below the arm. (They are shown in fig. 
7 at 6, but here only two of the rows of feet are shown, 
the other two being omitted for tiio Ba.kft <A disssrae*^. 
31e tubes which run along the gtwnea'>imiaT'i^a«x^si»^ 
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as well as the "feet" proceeding from them, may be 
called " water-vessels," because they are filled with water 
from without. The sea-water, in fact, is admitted to 
them by means of a little grooved, rounded tubercle 
which is seen on the back of the animal (fig. 6) placed 
at the angle where two of the arms unite. 

The mouth of the Star-fish is not provided with teeth, 
and opens into a very thin and membranous stomach, 
which can be thrust forth or " pouted out " through the 
mouth. From the stomach proceed ten much-branched 
membranous sacs, two of which are prolonged into each 
of the arms. The stomach terminates in an intestine, 
which opens by a minute vent upon the back of the 
animal. 

The nervous system has the form of a circular cord 
surrounding the mouth, and sending a branch along the 
groove in each of the arms. At the tip of each arm there 
is also seen a small reddish spot, surrounded by a circle 
of spines, and these are of the nature of rudimentary eyes. 

There are no distinct breathing-organs, and the process 
of respiration appears to be chiefly carried on by the absorp- 
tion of the sea- water through the skin of the back, the 
deUcate membrane which lines the interior of the animal 
being protruded for this purpose in the form of smaU 
tubes which project through interspaces in the integument. 

The common Star-fish usually measures from three to 
8k inches across, and is generaUy of a reddish, yeUowish, 
or orange colour. During life its skin, though very rough 
and prickly, is comparatively soft; but it contains so 
much lime that it can be excellently preserved simply by 
drying it in the sun. It is entirely a native of the sea, 
and is found from low water to depths of twenty or thirty 
fathoms. It is very voracious, and feeds upon oysters 
and other shell-fish, seeming to suck the animal out of 
the shell by means of the protrusible stomach. Lastly, 
the Star-fish has the power of reproducing its arms when 
broken off or injured. 

Recapitulation of Essential Characters — The 
body exhibits more or less cleaxly a Eta.r-like arrangement 
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of its parts. The skin is more or less hardened or rough- 
ened by means of lime deposited in it. There is a pecu- 
liar system of tubes or "water-vessels," which contain 
water, usually communicate with the exterior, and are 
generally employed in locomotion. There is a distinct 
nervous system consisting of a ring-like cord surrounding 
the mouth, and sending off branches in a radiating 
manner. These characters distinguish the class of the 
JSchinodermata as a whole. * 



CHAPTER VII. 

CLASS SCOLECIDA. 

The class Scolecida (Greek, skoleXy a worm) includes chiefly 
the various worm-like animals which live parasitically in 
the interior of other animals. Besides these there is a 
number of nearly related forms, which lead a free exist- 
ence, together with the singular group of the Wheel- 
animalcules. One of these last we shall select as an 
example of this class, not as being by any means a typical 
example, but as not presenting certain disadvantages 
under which other more characteristic forms labour. 

If we take one of the free-living Wheel-animalcules, 
such as Eosphora (fig. 8), we find that we have to deal 
with a microscopic, translucent, little creature, which is 
to be detected swimming about actively in fresh water. 
The name of "Wheel-animalcule" refers to one of its 
most prominent peculiarities — ^namely, that the front end 
of the body is in the form of a disc surrounded by a 
fringe of little vibrating hair-like processes ("cilia"). 
When these latter are in active motion, the whole head 
looks as if it were rotating rapidly, like a wheel. By 
means of this disc the animal not only drives itself 
through the water, but also seta ui^ ewtii^viXa 'SR\x:L<^\fK3M|^ 
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fioating particlea of food to the mouth. At the Mnder 
end of the body there U a little pair of pincers, composed 
of two little diverging "toes," 
and by means of these the 
animal can at will moor iteeU 
to the stems of aquatic plants. 
We can also observe that the 
integument is to a certain ex- 
tent ringed or transversely 
wrinkled, though not nearly 
in Bach a marked manner 
as in the true Worms. 

As before remarked, the 
animal is nearly transparent, 
and its internal anatomy can 
thus be readily studied. On 
one side of the locomotive 
wheel is placed the opening 
of the mouth (fig. 9, b), to 
which a depression in the disc 
conducts. The upper po^ 
tion of the gullet (e) is much 
dilated, and contains a com- 
plicated series of homy jaws. 
There is a well - developed 
stomach (d), and the intes- 
tine opens into a chamber, 
with which the "water-ves- 
sels " also communicate. 
™Bofth«Wh*ei-«niniaicuieB. Kn- „-'°*, waier-vesseis, JUSI. 

targndkboat ija dlameten. (After alluded to, are two tubes (ff 

'^ g), which run along the sides 

of the body, and open behind into a contractile bladder (/). 
What the exact function of these vessels may be is un- 
certain, but they are supposed to be connect«i with the 
process of respiration. 

There is no distinct hearty or true blood-system of 
vessels. The nervous system, however, is well developed, 
and consists of a little double net^ovia mass (A) situated 
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near the head, and canying upon it the eye, in the form 
of a brightly-coloured spot. 

Wheel-aiumalcules, Bach as here 
deecribed, may be readily detected 
in most ponds, ditches, or slow- 
ninning streams where water- 
plants grow abundantly. Though 
microscopic in their dimensions, 
they are interesting objects of 
study, owing to the facility with 
which their transparent skin allows 
their internal organs to be seen. 

Recapitulation of Essential 
Ceabactebs. — The body does not 
exhibit definite segmentation, nor 
does it carry upon its sides sym- 
metrically disposed appendages. 
There is no distinct heart nor 
blood-vessels, but there is a re- 
markable set of vessels which 
usually communicate with the ^e- g.— n^B^m of the ■>!>■ 
exterior. The nervous system has a Sfpresiion'^ta iha'lrti^si''or- 
the form of one or two little ner- e™i"diiigtoUieinonth(6); 
vous masses. These characters the giiilt,''^iui Ss'^oroy 
diBtinguish the class of the &ole- !•"' ^ '* ^S"!.'9S ■ ,' P"I"' 

.. ° , , W into whloh the Inlwline 

CUfa as a wnole. opeos; gg Watei-Teuela. 

«h>mbet (/); A Norvoua 




CHAPTER Vin. 



CXABB ANNELIDA. 



Tbb Ringed Worms, or "Annelides," comprise such ani- 
mals as tie Leeches, Earth-worms, Watet-worow, TSiba- 
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worms, and Sand-wonns, and derive tbeir name from the 
fact Uiat tLe integument or skiu is markedly ringed or 
thrown into tianaverse folds (Latin, onnu/iu, a ring). As 
an example of this class, we may select the Common 
Uedicinal Leech (Sanguuvga o^cinalit). 

The Leech (fig. lo, a) is of an elongated, cylindrical, 
worm-like form, tapering towards its head, but capable of 
greatly contracting or lengthening 
itself at wilL Its skin ia quite 
soft and fle}dble, slimy to the 
. touch, and veiy markedly ringed 
I or transversely folded, the total 
number of rings being about one 
hundred. At each extremity of 
the body it showB a little sucking 
disc or cup (fig. 1 1, B, a« and /w), 
by means of which it can move 
actively about The hinder sucker 
t (pe) is distinctly constricted off 
I from the body by a kind of neck, 
r is not perforated by any aperture, 
and is provided with an even cir- 
cular margin. The front sucker 
is of an elongated form (at), is 
really formed mainly out of the 
elongated upper lip, and b per- 
t^Sl^^luT'^lior^t^ by the opening of the 
nffjit), nstnna bIis : ft An- mouth. When moving, the Leech 
npBiffm vn p Mme g^^ .^ hinder sucker, and 
I stretches out ita head till it meets 
r with some solid object ; it then 
miiBia. detaches the hinder sucker, and 

brings this forward till it adheres close beside the spot 
where the head has fixed itaelf. Then, detaching the 
head, it again extends itself to seek anoUier point of at^ 
tachment further on. ^ a repetition of thia process, 
the Leech can travel vrith conBiderable rapidity; but it 
also Bvdms well by a serpentine bending of the body. 
77ie body of the Leech ia absolutely destitute of limbs 




munil'lsd, ihoKtni 
■acker ud triredlatt 
( OnB of the Jairi de 

twtbedidugEii 
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appendages of any kind, and locomotion is entirely 
' ' ' juflt alluded to. 



Ir. it.— a, IMaf^m or the IiMch, thowliig tbe narrooa ei^gteni, ind thsten 

rpluied OD tha top of the bsad. B. The leech dLsHected to show 
stiineutlry caiul li), ind tlie MMallsd " mptnbtn? taei' (r r); 
ai Anterior Buoker; pi Hinder lackec; n» NenoDB ajatem; ft Head, 



The mouth openB at the bottom of the front sucker, and 
IB provided with three cresceutic jawa tji%. \o,l> wsA ^, 
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the edges of which are serrated with numerous minute 
teeth. These three jaws are so disposed as to meet in a 
single point, in a triradiate manner, and they are the 
organs by which the Leech cuts through the skin, in order 
to get at the blood-vessels beneath. Hence the bite of a 
leech consists of three little cuts radiating from a point. 

The mouth opens by a short gullet into an alimentary 
canal, the first portion of which, usually termed the 
" stomach," occupies nearly the whole of the body-cavity, 
and is furnished with eleven membranous pouches on each 
side. The pouched "stomach" has the function of separ- 
ating the watery part of the blood which the animal takes 
as food ; and it opens into an intestine which terminates 
at a distinct vent placed on the back a little in front of 
the hinder sucker. 

There is no distinct heart, and the place of the blood- 
vessels is taken by a peculiar system of tubes, containing 
a fluid which appears to play the same part in the economy 
of the animal as does the true blood of higher organisms. 

It is doubtful, also, if there are any definite breathing- 
organs ; but the animal is furnished with a series of little 
pouches (fig. II, By r r) which are placed on each side 
of the body, and have commonly been called " respiratory 
sacs." There are seventeen of these little organs on each 
side of the body, and they open on the lower surface by 
a series of minute pores. 

The nervous system has the form of a chain of little 
nervous masses (fig. ii, A, nn) placed along the lower 
surface of the body, and united lengthways by cords. 
The first of these masses, representing the brain, is placed 
above the gullet, which is thus embraced by the cords 
which unite this with the next nervous mass in the series. 
The top of the head (fig. ii. A, k) also carries ten eyes, 
disposed in the shape of a horse-shoe. 

The Leech attains a length of from two to three inches ; 

its back is olive-green with rusty-red longitudinal stripes, 

and its lower smrface is greenish-yellow spotted with black. 

In the nearly-allied Sanguisuga medidnalis, the lower 

surface of the body is olive-gteen, ^jad is not spotted. 
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The Medicinal Leech is exclusively an inhabitant of fresh 
water, and is mostly imported into Britain from Hungary, 
Bohemia, Russia, and France. 

Recapitulation op Essential Characters. — The 
body is elongated, and is ringed with transverse folds. 
When lateral appendages are present, these are never dis- 
tinctly jointed or articulated to the body. The nervous 
system has the form of a chain of nervous masses placed 
along the lower surface of the body, and united by longi- 
tudinal cords. There is no distinct heart, but the circu- 
latory system of the higher animals is represented, so far 
as its fimction is concerned, by a peculiar system of 
contractile tubes containing a coloured fluid. These char- 
acters distinguish the class of the Annelida as a whole. 



CHAPTER IX. 

CLASS CRUSTACEA. 

The class Crustacea comprises all the animals which are 
commonly known as Crabs, Lobsters, Shrimps, Prawns, 
Wood-lice, Water-fleas, and the like, dl of which have the 
body enclosed in a more or less resistant shell. Hence 
they are sometimes erroneously spoken of as " Shell-fish ; " 
and hence also their scientific name (Latin, crusta, a crust 
or shell). An admirable example of this class may be 
found in the common Lobster {Homarus vtdgaris) of 
British seas. 

The Lobster is almost completely enclosed in a strong 
and hard shell, which is really formed out of the skin, by 
the deposition in it of lime and homy matter. A little 
investigation also readily enables us to perceive that the 
animal (fig. 12) is really composed of a number of rings 
or distinct segmentSy placed one behind the other. Theo- 
retically each segment is distinct, and each is constructed 
upon a similar plan or model. In theory, rv^\aal^^ ^-wik 
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segment consists of an upper and a lower arch of shell, 
joined to one another at the sides, and sending down- 
wards a plate from the point where they join (fig. 13, 2). 
In theory, also, each segment carries a pair of "appen- 
dages," which ought to be composed of two branches 
springing from a common base. In some cases, as in the 
tail ("abdomen") of the Lobster, the actually existing 
segment really does conform to this theoretical type ; but 
in other cases the segment may be very variously modified, 
and the appendages of the segment, in particular, assume 
the most different forms in different parts of the body. 
In practice, also, some of the segments are so amalgamated 
and consolidated with one another as to render their 
recognition a matter of great difficulty. 

It will, however, greatly help us in studying the Lob- 
ster to remember that the body of the animal is really 
composed of a number of segments (twenty-one), each of 
which is constructed upon the theoretical plan or type 
just mentioned, and each of which may carry a single 
pair of appendages of some kind or other. 

If we look at the Lobster from above (fig. 13, i), we 
see at once that the body is very plainly divided into two 
parts, which would familiarly be called the " head " and 
"tail." The "head," as we should call it, is in truth 
composed of fourteen rings all amalgamated together, and 
covered above by a great shield or buckler (ca). The 
first seven of these segments belong to what is actually 
the head, whilst the finder segments belong to what is 
properly called the trunk or "thorax" (Greek, thoraXy a 
breastplate) ; and the head-shield shows this division by 
a transverse groove on its upper surface. On the other 
hand, the so-called " tail " is composed of a number (seven) 
of quite distinct rings or segments, which are movably 
jointed together, and which collectively constitute what 
is termed the " abdomen " (Latin, oMoy I conceal). 

The Lobster is therefore really composed of twenty-one 
rings or segments, seven of which are free and movable, 
and constitute the abdomen, whilst the remaining fourteen 
are amalgamated together, but really belon^^ seven to «. 
ihomx and seven to a true head. 
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Let US now briefly look at the various appendages 
carried on these segments, beginning at the head. 

The first segment carries a pair of eyes, which are of 
large size and globular shape, and are supported upon 
movable stalks. The Lobster can thus roll the eyes about 
in different directions ; and the eyes themselves are what 
is called " compound," each being composed of numerous 
simple eyes amalgamated together. The eyes also are 
protected in part by a great jagged spine or beak de- 
veloped from the front of the shield which covers the head. 

The second ring carries a pair of feelers, which are 
double, and composed of nimierous joints (fig. 12, a). 
From their small size, these are known as the "lesser 
antennae " (Latin, antenna, the yard-arm of a ship). 

The third ring carries another pair of feelers (a'), which 
are known as the " great antennae," from their large size. 
They are composed of numerous joints, like the preceding, 
but each consists of no more than a single branch. 

ThQ fourth, fifthy sixth, and seventh segments carry each 
a pair of jaws, differing somewhat in each segment, and 
the last pair so closely approaching the true legs or " feet " 
in structure as to receive the name of "foot-jaws." All 
these jaws move from side to side, and are really to be 
regarded as modified limbs. 

The eighth and ninth rings (being the first two rings of 
the thorax) carry, each, another pair of limb-like jaws or 
"foot-jaws," the last pair of these (fig. 12, 91) being of 
large size and quite like legs. 

The tenth, eleventh, twelfth, thirteenth, and fourteenth 
segments carry five pairs of legs, which the animal uses 
partly in walking and partly for grasping. The first pair 
of these legs is greatly developed (fig. 12, c), and consti- 
tutes a pair of great pincers or "nipping-claws." One 
claw is blunt, and is used chiefly for holding on to foreign 
objects, and the other claw is sharply serrated, and is 
used by the animal for biting or cutting up its food. The 
second and third pairs of legs (d and e) also terminate in 
nipping-claws, but these are quite of small size. The 
fourth and fifth pairs of legs are provided with simply 
pointed extremities. 
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The fifteenth segment (being the first of the abdomen) 
carries (in the males) a pair of singular grooved processes (A), 
and the siicteenth, sevenieenth, eigkteenthy nineteenth^ and twen- 
tieth segments cany each a pair of appendages which are 
known as " swimmerets " (i, y, ^, l^ m), and each of which 
consists of an undivided base, terminated by two flattened 
paddles or oars (fig. 13, 2). The last of these pairs of swim- 
merets (m) has the terminal paddles greatly expanded. 

The twenty first segment (t) carries no appendages, and 
is simply placed between the expanded swimmerets of the 
twentieth ring, thus constituting a most powerful tail-fin, 
by the strokes of which the animal can propel itself through 
the water, tail foremost, for an astonishing distance, and 
with great rapidity 

The following table shows the segments of which the 
Lobster is composed, with their proper appendages : — 

ist, Eyes. 

2d, Lesser antennae. 

3d, Greater antennas. 
Head, . . ( 4th, Pair of biting-jaws. 

5th, First pair of chewing-jaws. 
6th, Second pair of chewing-jaws. 
7th, First pair of foot-jaws. 

8th, Second pair of foot-jaws. 
9th, Third pair of foot-jaws, 
loth. First pair of legs (great claws). 
Thorax, . ^ nth, Second pair of legs (small claws). 

1 2th, Third pair of legs (small claws). 
13th, Fourth pair of legs (pointed). 
J4th, Fifth pair of legs (pointed). 

(15th, Grooved appendages. 
1 6th, Small swimmerets. 
17th, 
1 8th, 
19th, 
20th, Large swimmerets. 
2 1 St, No appendages. 

We may add to this description of the Lobster, that not 
only is the body composed of a succession of segments, 
some of which are movably jointed to one another, but 
the limbs are also composed oi distmct pieces or joints. 
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and are movably jointed or " articulated " to the body. 
Hence the Lobster is emphatically what is called an 
" Articulate " animal (Latin, articulattis, jointed). 

It remains very briefly to consider the more important 
points in the internal anatomy of the Lobster. The 
mouth is placed on the under siurface of the head, and in 
addition to the numerous jaws already alluded to, it is 
further provided with an upper and lower lip, both of a 
shelly nature. The mouth leads by a gullet to a globular 
stomach, from which an intestine proceeds, to terminate 
by a distinct vent at the base of the last segment of the 
body ; and there is a well-developed liver. 

The heart (fig. 14, A) is placed upon the back, and 
drives the pure blood, which has passed through the gills, 
to all parts of the body. The breathing-organs {b b) are 
adapted for breathing air dissolved in water, and are 
therefore genuine "gills." They are in the form of 
pyramidal bodies, which are attached to the bases of the 




Fig. 14. — ^Diagram to shaw the position of the internal organs of the Lobster 
as they would be seen if the animal were cut across behind the head. 
h Heart; b b Gills (the vessels containing pure or arterial blood are left 
light, those containing venous or impure blood are dark) ; i Intestine ; 
n Nervous system. 

legs, and are concealed from view beneath the sides of 
Hke great shield which covers the head and tkoxosL, QrwVss% 
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to their being attached to the legs, the animars respiratory 
process depends veiy much upon its moving about, since the 
movements of the legs contribute considerably to the 
bringing in of fresh water to the chambers in which the 
gills are contained. 

The nervous system, lastly, has the form of a series of 
nervous masses placed along the lower surface of the 
body, and united with one another by longitudinal cords. 
The first pair of these masses is placed above the gullet, 
and the cords which unite them with the next pair pass 
on each side of the gullet, so that the gullet is surrounded 
by a " nerve-coUar." 

The Lobsters are exclusively found in the sea; and 
though they can live a considerable time out of the water, 
they are essentially aquatic animals. They are exceed- 
ingly voracious, and are usually captured by means of 
"lobster-pots," or baskets baited with some kind of 
carrion or garbage. When injured, or even if, greatly 
alarmed, they throw off one or both of the great claws ; 
but these appendages soon grow again, though not so 
large as before. They also cast their shells periodically, 
since the resisting nature of this covering does not allow 
of their growth. When fresh they are very brightly 
coloured ; but they turn to a uniform and brilliant red 
when boiled. They are most ordinarily about a pound in 
weight, but they sometimes grow to three or four pounds. 

Kjecapitulation of Essential Characters. — ^The 
skin is hardened with lime and homy matter, so as to 
form a resisting shell or " crust," within which the internal 
organs are protected. The body consists of a succession 
of distinct rings or segments placed one behind the other ; 
and each segment may carry a single pair of jointed 
appendages. The animal breathes air dissolved in water, 
and usually has breathing-organs in the form of gills. 
The nervous system consists of a chain of nervous masses 
placed along the lower surface of the body. Less essen- 
tial, though highly distinctive, are the characters that the 
true legs are from five to seven pairs in number, that the 
segments oi the abdomen carry aY^ii<^^^>^hat there are 
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two pairs of antennse, and that there is a distinct heart 
placed upon the back. By these characters the class of 
the Crugtacea is distinguished as a whole. 



CHAPTER X. 

CLASS ABACHNIDA. 

The class Arachnida (Greek, arachne, a spider) comprises 
the Scorpions, Spiders, Mites, and Ticks. As an excellent 
example of this class we may select the common House 
Spider (Tegenaria civUis) of Britain. The body |of ' this 
familiar animal (fig. 15, A) in reality resembles that of the 
Lobster, in being composed of a series of rings or segments, 
placed one behind the other ; but these segments are not 
conspicuous, and the body only shows a well-marked divi- 
sion into two distinct portions — a front portion carrying 
the legs, and a hinder portion carrying no appendages. 

The skin over the whole body is more or less hardened 
with homy matter; but more so in some parts than in others, 
and it 'nowhere forms a shell like that of the Lobster. 

The front portion or half of the body (fig. 15, A, c) is in 
reality composed of the head and trunk ("thorax"), so 
consolidated together that no sign of a boundary between 
them can be made out, and that no distinct segments can 
be detected. On the sides of this region of the body we 
observe four pairs of long, jointed legs, and in front of 
these a pair of what look like small legs. These latter 
organs (jo), however, are not really legs, but are a sort of 
feelers which are attached to the jaws. The spider, there- 
fore, has truly four pairs of legs, and it should thus never 
be confounded with the genuine Insects, all of which pos- 
sess no more than three pairs of legs. All the legs are 
long and slender, covered with numerous short hairs and 
a few longer spines, terminated b^ '^o^ <;^a.^^ ^i^^^cs!^ 
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composed of seven distinct joints or pieces. They are 
fixed at their bases to a strong homy plate which covers 
the chest in front. 




^iS- x5*~A, The male of the common House Spider (Tegenaria civUU), con- 
siderably magnified ; c Front portion of the body, consisting of the amal- 
fkmated head and thorax; p Feelers attached to the jaws; a Abdomen. 
, Front portion of the head of the same, showing the eight eyes (/), and 
the poison-jaws (n). C, Under side of tiie head and trunk, snowbig the 
true jaws (m), the lower lip (Q, and the homy plate to which the legs are 
attached. D, Diagram of one of the air-chambers or breathing-oigaos. 
(Figs. A, B, and C are after BlackwalL) 

Upon the front of the head are situated eight simple 
eyes (fig. 15, B, /), arranged in two lines, the pairs which 
occupy the ends of the line being placed on small tuber- 
cles. On the under surface of the head is situated the 
opening of the mouth, and in front of this are two oi^gans, 
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Which are often spoken of as jaws, but which reaUy corre- 
spond with the feelers ("antennae") of insects. These sin- 
gular organs (fig. 15, B, n) are in the form of two powerful 
jaw-like structures which terminate in strong curved hooks, 
and are movably jointed to the head. The hooks are per- 
forated by a minute aperture at the point, communicating 
with a poison-gland ; so that when one of these fangs is 
struck into the body of an insect, a drop of a poisonous 
fluid is forced out into the wound. In tlus way the spider 
kills the small animals upon which it feeds. 

The mouth is closed behind by a plate representing the 
lower lip (fig. 15, C, Q, and has at its sides two genuine jaws 
(m), which carry the jointed feelers already alluded to. 

The front portion of the body of the Spider, as before 
remarked, is truly the amalgamated head and thorax. 
Behind this, and united with it by a narrow stalk, is the 
egg-8haped.'hairy mass, which cpititutes the hinder half 
of the body (fig. 15, A, a). This, though not exhibiting 
any distinct segments, is really the " abdomen," and corre- 
sponds with the "tail" of the Lobster. It does not support 
any legs or appendages, but at its hinder end are situated 
three pairs of minute conical eminences, which spin the 
fibres which compose the web, and which are termed the 
" spinnerets." The substance which composes the fibres 
out of which the web is constructed, is secreted within the 
body in a fluid form by certain special glands. The fluid 
silk is then cast into its proper thread-like form by being 
passed through the spinnerets, which are perforated by 
numerous very minute porqs or holes. In this way the 
silken thread of the web is really composed of numerous 
very delicate filaments woven together. 

Upon the under surface of the abdomen, far forwards, 
are situated two small openings which communicate with 
the breathing-organs. These latter have the form of little 
sacs or air-chambers, the Hning membrane of which is 
thrown into numerous folds like the leaves of a book (fig. 
15, D), and is richly supplied with blood. The air is 
admitted directly to these sacs, and the blood is thus 
purified ; so that the Spider is an air-breathing animal. 



38 OUTLINES OP NATURAL HISTORY. 

As regards the internal anatomy of the Spider, little 
need be said. The digestive system presents no remark- 
able peculiarity, except that the throat is extremely nar- 
row; a wide throat not being necessary for an animal 
which' lives merely upon the juices of its prey. The intes- 
tine terminates in a distinct vent, and there is a well-devel- 
oped liver. The heart has the form of a long tube placed 
along the back; and the nervous system has, in the young, 
the form of a chain of nervous masses placed along the 
lower surface of the body. In the adult, however, these 
masses are aggregated and amalgamated with one another. 

Tegenaria dvUis attains a length of nearly half an inch, 
and is the common House Spider of Britain. It spins a 
horizontal web, appended to which is a short open tube, 
iiito which the animal retreats when threatened with dan- 
ger, and from which it watches for insects which may fall 
into its snare. It is mostly of a reddish-brown colour, 
with black markings. It lays its eggs in little packets of 
fifty or sixty each, all kept together by delicate silken 
fibres. Several of these packets are constructed and are 
attached to walls or other objects in the neighbourhood of 
the web. The young Spider is like its parent, but is much 
smaller ; and it changes its skin no less than nine times 
before it assumes the characters of the adult. Its entire 
span of life appears to extend over four years. 

Kbcapitulation op Essential Characters. — The 
body is composed of a series of rings placed one behind 
the other ; and those rings which belong to the head and 
trunk (thorax) are amalgamated together. There are four 
pairs of legs. The abdomen never carries legs. The 
animal breathes air directly. The heart (if present) is 
situated on the back, and the nervous system has, at any 
rate to begin with, the form of a chain of little nervous 
masses placed along the lower surface of the body. The 
feelers ("antennae") which are so characteristic of Insects, 
when present at all, are converted into offensive weapons 
(poison -fangs or pincers). These characters distinguish 
the Arachmda as a whole. 
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CHAPTER XI. 

CLASS MYBIAPODA. 

The Myriapods are commonly known as Centipedes and 
Millipedes, and all these names refer to the great number 
of the feet or legs, as compared with Insects or Spiders, 
(Greek, murios, ten thousand ; podes, feet). As a good 
representative of this class may be taken LUhobius forfi- 
ccUus, one of the commonest of British Centipedes. 

The body in Lithobius (fig. 16, A) is elongated and 
flattened, and exhibits very distinctly a division into two 
regions — ^namely, a head (A), and a lengthy body composed 
of a series of separate rings or segments, each of which 
carries a single pair of appendages. The entire integ- 
ument, both over the head and over the body, is hardened, 
80 as to form a strong case, within which the internal 
organs are contained; and the appendages to the segments 
are very distinctiy jointed. 

The head is somewhat heart-shaped, and though it 
really consists of several pieces or segments, these are so 
consolidated that it appears to form a single piece. The 
head carries a single pair of long, jointed feelers, known 
as the "antennae" (Latin, antenna, the yard-arm of a 
ship), which consist of very numerous short joints. The 
head also carries upon its two sides a collection of minute 
simple eyes (fig. 16, C, e), from twenty- two to twenty-four 
on each side. On its under surface the head bears the 
opening of the mouth, with a well-marked lower lip behind 
it — ^this latter organ being really double (fig. 16, B, I), 

Immediately behind the head, and looking as if it be- 
longed to it, is a narrow ring which carries a pair of 
powerful jaws (fig. 16, A, /, and B, /). These jaws are 
strongly hooked, and are perforated for the purpose of 
conveying a poison, with which the Centipedes kill their 
prey, or defend themselves against their enemies. Though. 
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officiating as jaws, tliese hooked fangs are reallv to be 
regatded as being modified legs ot "feet," and uey ate, 
therefore, called "foot-jaws." 




Fig. 16.— A, Litlidiiiu farjltatiti, oal»jged, «nd vloired itum «im.o: un hm- 
temae ; f Toot -Jawg ; A Hud. B, Hetd ot LitlWIiiiis Leathii, vlensJ 
trdm below (after Newport): on AntenDie; / Hooked foot-laWB ; IliOwn 
lip, compoied of too pieces. C. Head of LUAoMiu forficatut, Tlewed 
mm abore (BfUr aerraia); onAnleDiiffi; e E;e. 

Behind the foot-jaws, the body exhibits fifteen distinct 
rings, alternately large and small (fig. 16, A}, and each of 
these rings carries a pair of jointed legs. There are there- 
fore fifteen pairs of legs, of which the hindmost are longer 
than the others, and are directed backwards in the line of 
the body, so aa to form a kind of taU. 
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Little need be said as to the internal anatomy of LUho- 
hiu8. The digestive tube is well developed, and is fur- 
nished with large salivary glands, and a rudimentary liver, 
together with certain tubes which represent the kidneys. 
The heart is in the form of a long, simple tube, placed 
along the middle of the back. The breathing-organs are 
in the form of delicate membranous tubes, the walls of 
which are strengthened by a spirally-coiled filament or 
fibre of horn. These tubes commence at the surface in 
little rounded apertures, one of which is placed on each 
side of each alternate segment, and they branch frequently 
as they proceed inwards amongst the various tissues of the 
body. The nervous system, lastly, has the form of a chain 
of pairs of little nervous masses, one pair being present in 
eadi ring or segment ; these masses are united together so 
as to form a doubly-knotted cord, placed along the lower 
surface of the body. 

LUhobitis forficatus is a darkness-loving creature, and 
haimts obscure crevices of walls and cellars, or lives hidden 
under stones, or beneath the rotten bark of trees. It is 
highly carnivorous, and lives upon the bodies of small 
animals (such as earth-worms and caterpillars), which it 
kills by the bite of its empoisoned "foot-jaws." When 
captured, it will attempt to bite, but it is quite harmless, 
as the jaws are not sufficiently powerful to pierce the skin. 
Its general colour is brownish-red or ferruginous. 

Kbcapitulation of Essential Characters. — Head 
distinct from the segments carrying the legs, and support- 
ing a single pair of jointed feelers. Segments behind the 
h^d numerous and distinct, but not'separated into regions. 
Legs numerous, usually from fifteen up to as many as one 
hundred and sixty pairs, sometimes eleven pairs, but never 
fewer than nine pairs. No wings. Breathing-organs in 
the form of branching tubes, adapted for breathing air 
directly. These characters distinguish the class of the 
Myriapoda as a whole. 
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CHAPTER XII. 

GLASS INSECTA. 

The true Insects derive their scientific as well as their 
ordinary name from the distinctness with which the body 
is cut or divided into distinct portions or regions (Latin, 
ifiseco, I cut into). Of the many excellent representatives 
of this class which might be selected, none, perhaps, is 
better than one of the larger Dragon-flies, such as the great 
Mshna grandis of Britain (fig. 17, A). 

If we look at a Dragon-fly, we observe very readily that 
the body is more or less clearly divided into three portions, 
a head in front, a chest (or " thorax ") in the middle, and 
a tail (or " abdomen ") behind. It will also be seen that 
the body is composed of a number of rings or "segments," 
which are placed one behind the other. These segments 
are very conspicuous in the tail or abdomen (fig. 17, A, 
a), are less conspicuous in the trunk or " thorax," and can- 
not be clearly discerned at all in the head. 

The entire skin is hardened with homy matter, so that 
each ring or segment forms a more or less resistant tube, 
within which the internal organs are protected. 

Commencing with the head (fig. 17, A, h), no distinct 
rings can, as already remarked, be clearly made out ; but 
nevertheless the head really consists of a certain number 
of segments consolidated into a single mass. Upon its 
sides, the head has two conspicuous shining globes (fig. 17, 
D, e c), which are the eyes. Each eye is what is termed 
" compound," being really composed of an enormous 
number (several thousands) of minute eyes placed side by 
side, and doubtless conferring upon the creature a high 
power of vision. Besides these compound eyes, the head 
likewise carries*three "simple" eyes, which are so minute 
as only to be visible with a magnifying glass. The head, 
farther, c&niea upon its uppei svjjI^aq Into pointed thread- 
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like oiigans (fie. 1 7, D, a»), which are called the " f eelera " 
or " antennae (Latiii, antenna, the yard-arm of a ship), 




^17.— A, One of ths DngoD -Slei (.Eihna grajuiis], lUghtly digaocted ; h 
HMd. OMrylng tie ejee, KDlennie. nod orgmnnf Uiemontb; (, f, f'PlrW, 
■econd, and thin] B«gmBDtA or the Uionx Allgbtlj lepanted from ood 
■DOtlier, sich caiiTLng i pair of lega, ud tbe two iait CBrT;Uj|eacta a 
pair of wlng« ; a TsU or abdomen. B, Tonng form, or " lari-a," of tlie 
kama C, SaeonditagA, or'^pupa.** D, Head of a UTagcm-Hj (LibeUtda 
deprata), aliowlDg the teelen or aul«nnie (on), tba ejet (a a), tlia hinder 
pair of Jawa (m), and ttie npper Up (/X 



and which no doubt are employed by the insect as organs 
of touch,aud perhapasoi^nBof hearingaswell. Tfpon 
its under surface, lastly, in front, the head carries the 
mouth, surrounded by the lipa and jaws. These need 
not be particularly described, buyoud eayinf^ that Xiutj 
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consist of an upper and lower lip, and of two pairs of 
strong jaws. The jaws do not work up and down, as in 
man, but from side to side, and they are adapted for bit- 
ing, thus enabling the insect to live upon other insects, 
which it captures and devours. 

Behind the head come three rings, which are slightly 
separated from one another in the illustration (fig. 17, A, 
t, t/ t")j but which in reality are consolidated with one 
another so completely, that they can only be made out 
by means of the appendages which they carry. They 
compose collectively a region of the body which is known 
as the chest or "thorax'' (Greek, thorax, a breastplate). 
The first of these three rings (t) carries a pair of jointed 
legs ; the second (tf) carries another pair of similar legs, 
and a pair of wings ; and the third (^') carries a third pair 
of legs, and a second pair of wings. There are thus three 
pairs of legs and two pairs of wings. 

The wings are really expansions of the skin, and are 
nearly of equal size. They are membranous, transparent, 
without hairs, and rendered gauzy by an extremely fine 
network of interlacing threads, which are known as 
" nervures." These threads are really hollow ; and whilst 
they serve to support the fragile expansion of the wing, 
they also assist the insect in breathing, for they contain 
blood-vessels and prolongations of the breathing-tubes. 

Behind the trunk or thorax comes the tail or " abdo- 
men " (Latin, abdo, I conceal ; so called because it con- 
ceals the internal organs). This region of the body is veiy 
distinctly composed of separate rings (nine in number), 
none of which carry legs, and all of which except the last 
are devoid of any appendages at all. 

Turning now to the internal anatomy of the Dragon-fly, a 
few words may be said about its organs of digestion, its ner- 
vous system, and its breathing and circulatoiy apparatua 
The mouth, armed with its powerful jaws, opens into a 
gullet (fig. 18, g), which conducts to a stomach («). The 
stomach opens into an intestine (i), at the commencement 
of which are certain membranous tubes (/), which end 
in closed extremities, and wMcli ax^ \>^\i!^'^^ to represent 
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either the liver or the kidneys. The intestine opens isto 
a laige chamber (e), which opens upon the surface by a 
distinct vent (v). 




ng. iB.— DUgnmof the anitomy of an Inaect. an AnteoDU; <Ej<;m 
Koutli ; a Gnllat ; tg ShUtu? glsnd ; i StomBCb ; / TulMl SDppowd to 
lepTMent Iho llTor ; i Intedlne ; c Chaaibet Into Iwhlch ;th« jntai^e 
opanB ; v Vent ; h H«ut ; n Nerrooi if etsm ; i Bubbb of the legs. 

The nervous system (fig. i8, n) consists of a chain of 
little nervous masses placed in pairs along the lower sur- 
face of the body, a pair of these loasses being situated in 
each ring of the body. The first pair of nervous masses 
is placed above the gullet, and the second pair behind or 
below the gullet, and the cords which unite these two 
paiis pass on the sides of the gullet. It follows from 
this thkt the gullet is surrounded by a ring or "collar" uf 
nervous matter. 

The heart is in the form of a long tube (A), placed abng 
the back, and furnished with flaps or valves, which only 
allow the blood to pass in one direction, namely, towards 
the head. 

The breathing-organs are in the form of branched tubes, 
which commence on the surface of the body in little 
rounded openings, and then branch freely through the 
tissues, thus conducting the ur to all parts of the body, 
and punning the blood. The breathing-tubes are com- 
posed of a deUcate membrane, the walls of which are sup- 
ported by a homy fibre, which is coiled up in the interior 
in the form of a close spiral. 

When young, the Dragon-fly is very different to the 
grown-up insect, and it passes through, certain. che.ti^«&, 
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before it assumes its final characters. The eggs are laid 
in the water, and the young insect, when hatched, presents 
the appearances seen in fig. 17, £. It exhibits a head, 
thorax, with three pairs of legs, and abdomen; but it 
shows no traces of wings. It swims about actively in the 
water, and devours smaller insects by means of its powerful 
jaws. It breathes by means of a tuft of valvular appen- 
dages placed at the end of the abdomen, which can be 
opened so as to allow the water to gain access to the 
intestine, the sides of which are furnished with folds con- 
taining within them breathing-tubes. When the blood 
has been thus purified, the water is thrown out from the 
intestine, and the jet thus produced drives the animal in 
the opposite direction. After a while the insect passes 
into a second stage (fig. 17, C), in which it resembles the 
preceding in most^respects, but has rudimentary wings (w) 
' placed upon the back of the thorax. It is still active and 
voracious. Again after a while, the animal drags itself 
out of the water, and climbs upon some plant. Its skin 
then dries, and splits along the back, and the perfect 
insect, with its fully developed wings (^g, 17, A) is set 
free, and flies away to lead an active existence in the air. 
These remarkable changes constitute what is known as the 
^^ metamorphosis " of the insect (Greek, meta, indicating 
change, and Tnorphe^ shape). 

^shna grandis is the largest of British Dragon-flies, at- 
taining a length of about two and a half inches. Its gen- 
eral colour is yellowish-brown, with two yellow lines on 
each side of the thorax, and the abdomen variegated with 
green or yellow spots. At all periods of its life, and 
especially in its winged state, it is a most active and 
voracious insect, living upon other insects; in its final 
stage, in spite of its ferocity and destructiveness, it is one 
of the most beautiful and graceful of insects, from its 
large and brilliant eyes, its lustrous wings, and the ease 
and power with which it performs the most rapid evolu- 
tions in the air. 

Kecapitxjlation op Essential Characters. — The 
body 28 composed of a succeasioii oi xvdl^, and is divis- 
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ible into three distinct regions — a head, thorax, and 
abdomen. The head carries a single pair of feelers 
(antennae), the organs of the mouth, and the eyes. The 
thorax consists of three rings, and carries three pairs of 
legs. Generally, the last two segments of the thorax cany 
two pairs of wings. The adult insect breathes air directly, 
and the respiratory organs are in the form of branching 
breathing-tubes. The nervous system consists of a chain 
of little nervous masses placed along the lower surface of 
the body. The abdomen consists of distinct segments, 
which do not carry locomotive appendages. These char- 
acters distinguish the class of the Insecta as a whole. 



CHAPTER Xin. 

CLASS POLTZOA. 

This class includes the curious Sea-mosses and Sea-mats, 
known technically as Polyzoa (Greek, polus^ many ; zomi, 
animal), because they consist of colonies or assemblages 
of little animals, associated so as to form compound 
growths — ^much in the way that a tree is composed of 
leaves and flowers supported upon a common trunk. 
As the type of this class we may take the broad-leaved 
Sea-mat or Homwrack (Flustra foliacea), which is of 
common occurrence on the coasts of Britain. 

This singular organism (fig. 19, a) is extraordinarily 
plant-like in form, and is generally regarded, when picked 
up on the shore, as being a pale-brown sea-weed. It 
forms a broad, and thin, leafy expansion, which is strongly 
rooted below by a common stem to a stone or some other 
foreign body, and which breaks up above into a number 
of flattened branches. Its consistence is homy, and its 
surface rough ; and when it is examined with a magnify. 
ing glass, it is at once seen to be composed q1 ^\2l ^\iL- 
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onnouB number of little chambers or " cells," arranged 
in a single layer. These chambers (fig. 19, h) have homy 
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walls, and are of an oval shape ; each having a little 
transverse opening or month near its broadest end, and 
having its upper mar^ provided with four conical 
spines. Each cell contams a single animal, which, leads 
aa existence independent of the others ; though the 
entire assemblage, made up of all the little anim^ con- 
tained in the innumerable cells, has also a life of its own, 
aa & whole. 
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If we take a single cell of this compoiind growtli, and 
examine the animal coutomed T^thin it, we find that it 
has the following etruc- 
tore : The animal con- 
sista of a Uttle mem- 
branous bag (fig. 20, 
en), which is dosely 
applied to the homv 
wtdl of the cell (ee), 
and which is filled in- 
temall^ with a fluid, 
in which float the in- j . 
temal oi^ans. From 
the mouth of the cell, 
the inner membranous 
sac can be partially 
thrust out ; and here 
are situated the mouth 
and Tent, close beside 
one another. The 
mouth (o) ia surrounded 
by a circle of beautiful 
flexible processes (i), 
which aretermed "ten- pjg_ 
tacles," and the sides ~~ 
of which are fringed 
with innumerable 
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processes are m con- 
stant movement, vibmting to and fro, and by their means 
currents are set up in the surrounding water, and par- 
ticles of food are thus conducted to the month. 'When 
quiescent, or irritated, the animal can draw in the front 
portion of its body, with the tentacles, into the shelter 
of the homy celL 

The mouth conducts by a gullet (^) into a stomach 
U) ; and this in turn opens into an mtestine U), which 
finally terminates in a distinct vent (ii^, ^^mnA. o^ «<&&. 
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side of the mouth. To the gullet are attached certain 
muscular fibres (m), which are fixed below to the bottom 
of the cell ; and it is by the shortening of these that the 
animal pulls itself into the celL 

Between the mouth and vent is placed a little nervous 
mass, which constitutes the central portion of the nervous 
system (n). There is no heart, nor any blood-vessels ; nor 
are there any distinct breathing-organs. The fluid which 
fills the cell consists partly of water and partly of the 
products of digestion, and it is to be regarded as corre- 
sponding with the blood of higher animals. It is kept in 
movement by means of little vibrating hair-like processes 
which cover the membranous lining of the cell ; and it is 
exposed to the action of the oxygen contained in the 
water as it circulates through the crown of " tentacles," 
these latter organs being hollow. 

The broad-leaved Sea-mat is of common occurrence in 
the seas of Britain, in a few fathoms of water. It attains 
a height of about four inches, and has a wood-brown 
colour. When fresh, it is stated to possess a peculiar 
odour (not always present), which has been variously 
compared to the scent of oranges, violets, or a combina- 
tion of roses and geraniums, but which others consider 
strong and disagreeable (Johnston). 

Recapitulation of Essential Characters. — ^Ani- 
mal compound, consisting of numerous, nearly inde- 
pendent beings, each of which is enclosed in a separate 
chamber or cell. (This last character is not absolutely 
universal.) Each member of the compound growth has 
a mouth surrounded by tubular tentacles, a complete 
alimentary canal opening by a distinct vent, and a 
nervous system consisting of a little nerve-centre placed 
on one side of the moutib. There is no heart, nor are 
there definite breathing-organs. Almost universally the 
colony is attached to some foreign object. These char- 
acters distinguish the Polyzoa as a whole. 
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CHAPTER XIV. 

CLASS TUNICATA. 

The animals known as Tunicata are all inhabitants of the 
sea, and derive their name from the fact that the body is 
enclosed in a sort of bag or " tunic." They are also often 
called Ascidians (Greek, askosy a winenskin), from the fact 
that many of them have a close resemblance to a leathern 
wine-skin or bottle. " Rarely," remarks Prof. Edward 
Forbes, " is the dredge drawn up from any sea-bed at all 
prolific in submarine creatures without containing few or 
many irregularly-shaped leathery bodies, fixed to sea-weed, 
rock, or shell, by one extremity or by one side, free at the 
other, and presenting two more or less prominent orifices, 
from which, on the slightest pressure, the sea-water is 
ejected with great force. On the sea-shore, when the 
tide is out, we find similar bodies attached to the under 
surface of rough stones. They are variously, often 
splendidly, coloured; but otherwise are unattractive, or 
even repulsive, in aspect. These creatures are Ascidice, 
properly so called." As the type of this group we may 
take Ascidia (Phalltma) mentula, a not very rare inhabi- 
tant of British seas ; but for various reasons it will be 
sufficient to indicate very briefly the chief points in its 
anatomy. 

Ascidia mentula (fig. 2 1, A) presents itself in the form 
of an oval or oblong, leathery body, which is attached by 
the greater portion of one side to a stone or to a shell, 
and which has one extremity drawn out into two promi- 
nent necks, each perforated by a distinct opening. The 
animal thus has very much the appearance of a two- 
necked jar. K allowed to rest in a basin of sea-water, it 
can be seen that a current of water is drawn in. by the 
longest or highest of the two necks of the sac or jar, and 
is expelled again from the lower nock. 11 >i!&k& ^\££S!^\k^ 
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rudely touched, it contracts itself forcibly, and squirts 
out a jet of water from both necks. 
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The outer covering of the body (fig. 21, B, t) is ot a 
leathery nature, but is nevertheless partiaUy tnuisluceut, 
especially in the neighbourhood of the necks. It is re- 
markable for containing a Bubatance apparently identical 
with the woody fibre of vegetables. This outer covering 
is loosely lined by an inner layer or "tunic" (f) which 
is of a highly muscular nature, and whidi confers npon 
the animal its power of squirting out water. 

The highest of the two necks of the animal (fig. 31, 
B, a) is perforated by an opening surrounded by eight 
lobes, at the bases of which is a series of rudimentary eyes, 
ia the form of yellow spots, «aic\L m'tk % tcd^ v^int in its 
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centre. This opening leads into a great chamber, which 
may be termed the "respiratory sac" (fig. 21, B, p), 
and which has a reticulated aspect, owing to its being 
perforated by numerous small apertures. The water which 
the animal takes in at a passes into this respiratory sac, 
and then escapes through the openings in its walls into a 
second chamber or sac, which opens on the surface at the 
other neck (b). In this way the creature both breathes 
and obtains its food. From the bottom of the perforated 
respiratory sac proceeds a gullet (^) which opens into a 
stomach («), this in turn leading to an intestine (i), which 
terminates in a distinct vent (v) at the base of the second 
chamber. 

There is a distinct heart (h) in the form of a tube open 
at both ends, and alternately propelling the blood in op- 
posite directions. The nervous system is in the form of a 
little nervous mass (n) placed between the two necks. 

Amdia mervtula attains a length of from one and a 
half to three inches, and may be obtained by dredging in 
from ten to thirty fathoms' depth. It can readily be kept 
alive with a little care ; and it is sufficiently transparent 
to allow of the easy observation of the water-currents 
which constitute such a striking feature in its vital func- 
tions. 

Recapitulation op Essential Characters. — Body 
furnished with two openings, conducting into two cham- 
bers which occupy the greater portion of the cavity of 
the animal Internal organs enclosed in a double sac, 
the outermost layer of which is more or less leathery, 
whilst the inner is muscular. The nervous system is in 
tiie form of a single nervous mass. There is an alimen- 
tary ^anal, and a distinct heart. Respiration effected by 
currents of water which enter at one of the openings of 
the sac and are expelled from the other. Tliese char- 
acters distinguish the Tunicata as a whole. 
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CHAPTER XV. 

CLASS BRACHIOPODA. 

This class comprises a number of shell-fish which agree 
with one another in having the body enclosed within a 
double ("bivalve") shell, and in having two long spiral 
processes, or " arms/' attached to the sides of the moutL 
From this last-mentioned peculiarity the name of the dass 
is derived (Greek, brachion, arm ; podesj feet). Owing to 
the great rarity of the few' forms of Brachiopods whicli 
inhabit British seas, a foreign representative of the group 
has been selected — ^viz., Terebratulaflavescens of the seas of 
Australia ; and a brief description will suffice to indicate 
its leading peculiarities. 

The body of Terebratula flavescens is soft, and the 
internal organs are enclosed in a modification of the in- 
tegument, which is termed the " mantle." The front and 
back portions of the mantle produce a shell, which is 
composed of carbonate of lime, and conceals the animal 
within it. The shell (fig. 22, A) is double, or, in other 
words, consists of two distinct pieces, which are called 
" valves," so that the shell is said to be " bivalve " (Latin, 
bis, twice; vcdvoe, folding-doors). The entire shell has 
somewhat of the shape of an antique Roman lamp, each 
valve having a prominence or " beak " at one extremity, 
and one of them having this beak perforated by a round 
aperture (/), similar to the hole through which the wick 
passes into the lamp. (Hence the Brachiopoda are some- 
times called " lamp-shells.") 

The two valves of the shell are jointed together at the 
"beaks" by means of interlocking teeth and sockets, 
and they are of decidedly diflferent sizes. The smaller 
valve lies over the back of the animal, and is not perfor- 
ated by any aperture. Internally, however, it carries a 
singular shelly loop (fig. 22, "B, l^, ^Ydsk supports the 
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bases of the spiral " anna," and whicli is sometimes called 
the " caniag&flpring-apparatus." The Itu^er valve lies 
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upon the lower surface of the animal, and has its beak 
perforated by a large rounded aperture (fig. zz, C, /). 
Through this opening passes a muscular stalk, by w}u(Ji 
the shell is firnuy fixed to some foreign body (fig. 2s, D, 
P)- 

The animal contained within this shell exhibits many 
peculiarities of strUctoie, but none is more striking than 
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the fact that there springs from the mouth a pair of long, 
flexible, fleshy processes, which carry numerous filaments 
on one side, and are closely coiled up into a spiral (fig. 
22, D, a). These singular processes are partially sup- 
ported by the shelly loop (fig. 22, B, Z) already spoken of 
as existing in the smaller valve of the shell. They are 
termed the ^'arms,'' and it is by their instrumentality 
that particles of food are brought to the mouth. The 
animal possesses a well-developed stomach («), and an in- 
testine, the latter terminating blindly. There is also a 
large liver (h). The nervous system consists of a central 
mass placed near the gullet. 

Terehratvla flavescens inhabits the seas of Australia, 
and lives a sedentary life, being attached to submarine 
objects by means of a muscular stalk which passes through 
the aperture in the beak of the larger valve of the shelL 

Kecapitulation of Essential Characters. — AniTTiftl 
included in a bivalve sheU. The 'valves of the shell 
very markedly diflferent in size (sometimes very slightly 
so), and placed over the back and front of the animal 
Shell attached to some submarine object by a muscular 
stalk (sometimes by the shell itself). Mouth furnished 
with a pair of long, spirally-coiled, fringed processes or 
"arms." These characters distinguish the class of the 
Brachiopoda as a whole. 



CHAPTEK XVL 

CLASS LAMELLIBRANCHIATA. 



This division includes the numerous animals commonly 
known as " Bivalve shell-fish," such as Cockles, Mussels, 
Oysters, Scallops, and the like. These animals derive 
their common name from the fact that they have the body 
protected by a shell, which is composed of two pieces or 
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"valves" (Latin, vcdwe, folding-doors), and whicli ia for 

tMa reason said to be "bivalTe." They derive fheii 

scientific name, on the other , 

hand, from the fact that 

they breathe by means of 

gills (Qreek, brangehia, a 

eill), and that these ^ills 

have a flattened, plate-hke, 

or"Iainel]ar" form(Latin, . 

lamella, a flat plate). 

As the iype of this class ■^'' j 
we shall tAe the great 
Sand Qaper {Mya arena- 
rta) ; not because it is espe- 
cially common, but because 
it e^bits particularly well 
many of tEe characters of 
the Bivalves. The body 
of the Qaper is quite sof^ 
and may be regarded as a 
kind of sac or bag, formed >" 
by the skin. This bag is 
termed the "mantle," be- 
cause it conceals and pro- 
tects the internal oi^aa 
within it like a cloak, iit^m 
The bag formed by the J^ 
mantle has two openings rigbtV 
into it. One of these open- the'shi 
inga is placed at the hinder uch ■<< 
end of the body, and serves / '^" "* 
as an aperture by which water is admitted into the interior 
of the body. At this opening the sac is drawn out into 
a long tube (fig. 24, «), which is really double, and which 
the animal can thrust out and draw in again. The other 
opening into the mantle-sac is for the purpose of allowing 
THiat is called the "foot" to be thrust out — this really 
being a muscular, tougue^haped organ, by means of wMui 
the animal can diift its position (fig. 24,/). 
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The mantle, though forming in this way a closed bag, 
ivith no other openings into it except those just mentioned, 
really consists of two halves — ^a right and left half — and 
each half produces upon its outer surface one of the 
" valves " of the " shell " (see &g, 23, where m m are the 
two halves of the mantle, and s s the two valves of the 
shell). If, therefore, we take the animal in its living state, 
we do not see any portion of the body, except the long 
water-tubes already spoken of ; but we see the double or 
'^ bivalve'' shell. As the two halves of the mantle are 
right and left, and as each produces one valve of the 
shell, it follows that the shell consists of a " right valve " 
and "left valve." We may therefore compare the 
Gaper to a man enclosed within two great shields, one 
placed upon his right arm and one upon his left arm. 

Leaving the shell, however, for the present, let us now 
examine the internal anatomy of the Gaper. In order to 
do this it is necessary to remove one of the valves of the 
shell, and we cannot do this without some violence to the 
animal within. The valve, namely, is attached to the 
mantle which produces it, and is also kept in firm con- 
nection with the opposite valve by means of two strong 
muscles, which are known as the "adductor muscles'' 
(Latin, adduco^ I lead towards or bring together). Hence 
in taking off one valve, we have to cut the mantle along 
the line where it is attached to the shell, and also to cut 
the two adductor muscles. When this is done, and the 
valve and mantle on one side are removed, we have the 
appearances presented in fig. 24. In this figure, the cut 
edge of the mantle is seen at m ; the letter a represents 
the front adductor muscle, which has been cut through ; 
and d is the hinder adductor muscle, which has also been 
divided. We know that a is the frtynt adductor muscle, 
because close beside it is situated the mouth (0) ; and the 
mouth, of course, is placed on the front of -the body. 
The mouth is surrounded by four long membranous leci- 
like processes or feelers (j^). Immediately above the 
mouth, and occupying the greater portion of the centre 
of the £gure, are two flattened membranous plates (6), 
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one being nearly hidden 
behind t£e other. These 
are the gills upon one 
side, and they consti- 
tute what in the case 
of th£ oyster is tenned 
the "beard." Two si- 
milar gills are present 
on the other side of the 
body, but these are con- 
cealed from view. To 
the left of the gills we 
see the heart Jh), the 
last portion of the intes- 
tine (e), and the hinder 
adductor (o'). To the 
right of the gills, below 
the mouth, we see the 
tongue-shaped muscular 
organ which is known 
as the "foot" (/). 
Lastly, above the gills, 
at the hinder end of the 
body (the end opposite 
to the mouth) we see the 
two muscular tubes (the 
so-called " siphons '*) 
bj^ which water is adr 
. mitted tp the interior 
of the body, and again 
eipdled. 

We may examine the 
internal organs of Mj/a 
a little more minutely 
by the help of the fol- "^ 

lowing diagram (fig, moved, n Cnt edge of mantle ; ( 

25). The M>/a pos- JTf'Sfd^Zff or^a^^Jd^S 

Seesea no distinct head, H«rt ; d MduU., smronndad bj tiiBi 

bat this end of the body Yent t b oui*. 
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can be recognised by the presence of the monfJi (o) with 
its membianouB feelers. The mouth is destitute of teeth, 




imd leads through a gullet into a stomach (g). From the 
stomach proceeds a long wiodiu^ intestine (t) which is 
surrounded by a well-developed bver, and which |finally 
tenninates in a distinct vent The vent is placed at tie 
hinder extremity of the body, and is so situated as r^ards 
the breathing-tubes (siphons) that all undigested particles 
of food are carried away by the outgoing current of water 
which has passed over the gills. The nervous system (n) 
consists of three little nervous masses, connected by cords. 
There is a distinct heart (A), which drives tie pure blood, 
which has come from the gills, to all parts of the body. 
The gills are in the form of membranous plates (6), two 
on each side of the body, and having their enr&ces 
covered with minute hair-like processes, which lash to and 
fro in constant vibrations, and sweep the water over Ha 
gilt. 

We are thus led to consider how the water reaches the 
gills, for the animal would die of suffocation unless it 
could constantly get a supply of fresh water. In order 
to understand this, it is necessary to know how the Mya 
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lives. The animal lives, buiied in the sand, and buried 
head downwards, so to speak — that is to say, the mouth 
is turned downwards, and the end where the " siphons " 
or breathing-tubes are, is turned upwards (as in fig. 24). 
The breatlimg'tubea are two long muacuiar canals, whi<m 
are so united to one another as to look like one tube, though 
really quite distinct internally. They can be thrust out 
of the shell at wUI, and again partially withdrawn within 
the shell by means of proper muscles. When the animal 
vishes to breathe or obtain food, it thrusts out these 
breathing-tubes through the sand in which it is buned 
till they reach the water above. Then the water is drawn 
in through the mouth of one of the tubes in a constant 
current and is carried to the gills in the interior of the 
body (see figs. 24 and 25, where the direction of the 
water-currents is indicated by arrows). Having passed 
over the gills, and purified the blood in 
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water next reaches the mouth, and the animal extracts 
from it all the floating particles of food which it may 
contain. Finally, the water is conducted in a reverse 
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direction along the intestine, taking with it all undigested 
food, till it reaches the second breathing-tube, from which 
it is expelled in an outgoing current On the other hand, 
when the animal is disturbed, or when the sand in which 
it lives is left bare by the retreating tide, the breathing- 
tubes are partly drawn into the sheO, and these currents 
cease. 

We may now shortly examine the shell of Mya. As 
before said, the shell consists of two pieces or voilvtiy 
which, as regards the animal within, are rigU and Ufl. 

The two valves are like each other in general form, 
but the left valve is slightly the smallest. The valves 
are hollow or concave, and they are applied to one another 
along their concave aspects. They do not, however, fit 
quite closely, but leave an opening for the breathing- 
tubes, so that the shell is said to " gape." Each valve is 
furnished along its "dorsal" margin with a prominent 
process or "beak" (fig. 26, 5), and the valves are so 
applied to one another that the beaks are nearly in con- 
tact and are opposite one another. Between the beaks is 
a mass of homy fibres which are compressed when the 
valves are closed, so that when the anima] relaxes the 
adductor muscles (by which the shell is closed), the 
valves are elasticaliy forced apart. These homy fibres 
constitute what is called the " ligament " and " cartilage," 
and they are carried in part by a spoon-shaped process of 
shell developed below the beak of the left valve (fig. 
26, «). 

Extemally, the shell exhibits numerous fine lines, 
which run concentrically round the beaks, and which 
mark the stages of the growth of the shelL The shell is 
also covered with a thin, brown, or reddish-brown mem- 
brane, which gives it its colour. 

The form of the shell is an oval, broader at one end 
than the other. The beak is not placed quite in the 
middle of the shell, but somewhat to one side. This side 
of the shell is the broadest and shortest, and is the side 
on which the mouth is situated (the " anterior " or front 
aide, £g. 26, a). The side oi me «9[V!&\L iiom which the 
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beak turns away is the longest and narrowest, and is the 
side at which the vent is situated (the posterior or hinder 
side, fig. 26, p). 

Internally, the shell exhibits several points of import- 
ance. Placed beneath the '^ dorsal " margin of the shell 
(that is, the margin on which the beaks are situated), are 
two depressed and smooth impressions. One of these 
(fig. 26, ad) is placed near the mouth at the front end of 
the shell, and marks the point where the front adductor 
muscle was attached in the living animal. The other 
(fig. 26, pd) is placed towards the hinder end of the 
shell, and indicates where the hinder adductor was 
attached. Running from the one of these impressions 
to the other is a well-marked line (fig. 26, pi), which 
takes a course a little within the margin of the valve, and 
has a deep indentation (ps) opposite to the hinder end of 
the'sheU. This line marks the place where the mantle 
was attached to the shell, and the indentation or bay 
marks the point where the muscles which pull in the 
siphon were attached to the shell. 

It follows from the preceding that if merely shown a 
single valve of the Mi/a, and knowing nothing of the 
animal, we should be able to state the following points : 
I. That the broadest end of the shell was the one 
where the mouth was situated, because the beak turns to 
this end, and this half of the shell is the shortest. (This 
would not always be true of all Bivalves.) 2. That the 
animal possessed two adductor muscles for closing the 
shelL 3. That the animal had breathing-tubes or siphons 
for conducting the water to the gills, and that these tubes 
could be partially withdrawn within the shell. 

Mpa arenaria is found at various points along the 
British coast^ imbedded in sand or mud, generally on 
long stretches of nearly level shore which are only un- 
covered at spring-tides. When the tide is out, the posi- 
tion of the shell is indicated by a rounded or oval hole, 
from which the animal squirts out water when the foot is 
put down near it. The shell is situated about five or six 
inches below the surface, with the siphons i^oint^ ut^ 
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wards ; and the animal has the power of shifting its posi- 
tion within its burrow by protruding its " foot " — ^this, as 
already said, being a tongue-shaped muscular organ (fig. 
24, /), which can be thrust out between the valves of the 
shelL The length of the shell may be over three or four 
inches, with a breadth of about two inches and a half. 

Recapitulation op Essential Characters. — ^The 
body is soft, and is enclosed in a skin or integument 
which is termed the "mantle." The mantle produces a 
" shell," which protects the soft body within, and which 
consists of two pieces or " valves," placed one upon the 
right side and one upon the left side of the body. There 
is no distinct head, and the mouth is destitute of teeth 
The breathing-organs are tn the form of lamellar or plate- 
like gills, disposed on the sides of the body. These 
characters distinguish the class of the LameUihrancMojUi 
as a whole. 



CHAPTER XVII. 

CLASS GASTEROPODA. 

In this class are included all those animals which are com- 
monly called " Univalve Shell-fish," such as the Whelks, 
Snails, Periwinkles, Limpets, &c. The name of "Uni- 
valves " is applied to them because most of them possess 
a shell which is composed of a single piece or " valve ; " 
and they derive the name of Gasteropoda from the fact 
that the lower surface of the body is generally flattened 
out so as to form a broad expansion or disc, which is 
called the "foot," and upon which the animal creeps 
about (Greek, gaster, belly ; podes^ feet). As the type of 
this class we may select the common Whelk (Buccinum 
undatum) of British seas. 
If we examine a Wlielk -wVnkt. \rnxL^ and active, we 
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obBerre that it ia & slug-ahaped animal, which walks, or 
rather creeps about, upon the lower surface of its body, 
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carrying over its back a shell composed of a single piece 

ifig. 27, A), The surface npon which the animal creeps 
orms a flattened and very muscular disc, which is termed 
the "foot" (fig. 27, A,/). In front the animal ex- 
hibits a very distinct head (k), which carries a pair of 
extensible processes (t), the porpose of which is to act as 
"feelers," or organs of toudi. At the bases of these 
feelers are situ^«d the two eyes, in the form of small 
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coloured spots. Immediately above the head is a folded 
tube, which the animal can thrust out to a considerable 
length. This tube («) acts as a pipe or "siphon," by 
which fresh water is carried to the giUs. At the hinder 
end of the foot we observe an oblong homy plate (o) with 
numerous concentric lines upon it. This plate is known 
as the "operculum" (Latin for a lid), and the function 
which it discharges is obvious. When the animal, namely, 
retires into its shell, the portion of the foot which carries 
this homy plate is the last to be drawn in ; and as it fits 
accurately into the mouth of the shell, the Whelk is thus 
protected by the operculum against injury. 

Over its back the Whelk carries a shell, which is com- 
posed of a single piece, and is therefore said to be 
" imivalve." The shell has the general form of a cone, 
the broadest end of which is turned toward the head of 
the animal, whilst the pointed end is directed backwards. 
In reality, the shell (fig. 27, B) is composed of a conical 
tube, which is twisted in an oblique manner round a 
central pillar, and which therefore forms a "spiral." . The 
first few turns of the shell are comparatively small, and 
they constitute what is termed the "spire" (fig. 27,6, 
a). The last turn of the shell is by far the largest (fig. 
27, B, 6), and as it contains the greater portion of the 
body of the animal, it is termed the " body-whorL" All 
the turns of the shell are in contact with one another, 
and the body-whorl opens in front by a large oval aper- 
ture, from which the animal can protmde itself, and which 
is known as the " mouth " of the shell. The inner mar- 
gin of the mouth is formed by the pillar round which the 
whole shell is coiled, and to this pillar the animal is 
firmly attached by means of a special muscle. Lastly, 
the mouth of the shell exhibits in front a well-marked 
notch (fig. 27, B, n), which is for the passage of the 
breathing-tube or " siphon " already spoken of. 

Externally, the shell ejdiibits numerous lines or striae 
running parallel with one another and with the spiral 
turns of the shell. There is also a series of undulations or 
folds wiich run in the dixection of the length of the shell. 
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or, in other words, from the mouth towards the apex of 
the spire. The outer surface of the shell is of a brownish- 
white or yellowish-brown colour, whilst the mouth is white 
or flesh-coloured. 

Turning now to the internal anatomy of the Whelk, the 
mouth (of the animal, not of the shell) is found 
to contain a singular organ which is known as 
the "tongue," and a portion of which is repre- 
sented in a highly magnified form in fig. 28. 
The tongue consists of a long strap, which 
carries three rows of minute serrated teeth, 
composed of flint. By means of proper mus- 
cles this toothed strap can be made to move 
backwards and forwards over a kind of cushion 
upon which it rests. The animal can thus 
apply it like a saw to any foreign substance, 
and as the teeth are extremely hard, holes 
can be bored into other shells with great readi- pig aa— Por- 
ness. The mouth (fig. 29, a) is placed at the tion of the 
end of a proboscis, which can be thrust out wheSc,^high^ 
to a considerable distance, and conducts by a }^«"'^^|J®? 
gullet to a proper digestive cavity or stomach, ward). 
From the stomach proceeds a long convoluted 
intestine, in great part surrounded by a voluminous liver. 
The intestine (d d) terminates in a distinct vent (c), which 
is placed upon the back. 

The nervous system is chiefly aggregated round the 
gullet (fig. 29, /). There is a distinct heart (h) consisting 
of two cavities or chambers. The breathing-organs are 
in the form of two plume -like gills (g), which are 
placed in a sort of chamber, formed by the folding 
of the mantle, on the back of the animal. The water 
necessary for respiration is admitted to this chamber 
by means of the folded tube or "siphon," which has been 
mentioned as being protruded through the notch in the 
front of the shell. 

The common Whelk is very widely distributed through- 
out European seas, and is one of the most abundant of 
British Univalves. It is found usually in tolewibl^ dsa^ 
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miter, but extending from low water to depths of one 
hundred fathoms It u Tery voracious, and exclusively 
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carnivorous, liying upon other Bhell-fish or upon any dead 
animal bodies. It usually bores its way into other shells 
by means of the toothed tongue. It is not unconunonly 
used by £shermen as bait, and it is also occasionally eaten. 
The female Whelk lays its eggs in clusters of flask-shaped, 
homy capsules, each capsule containing five or six eggs. 
These clusters (fig. 27, C) are attached to stones, shells, or 
other foreign bodies, and the young, after attaining a cer- 
tun degree of development, escape from the capsules by 
means of rounded prorations in the sides of the latter. 
JIboapitulatioh ov Ea&EHTiu. (^sks^cters. — Of the 
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above characters the ones which the Whelk shares with 
the other Gasteropods, and which therefore characterise 
this class of shell-fish, are only the following : The head 
is distinctly marked out from the rest of the body ; the 
mouth is furnished with a peculiar toothed apparatus or 
"tongue;" the "foot" is used for locomotive purposes, 
having the form (not always) of a broad, flattened, mus- 
cular disc ; and the body is not enclosed in a bivalve shell. 
Non-essential, though very common, is the character that 
the soft body is protected by a shell which is " univalve," 
or consists of a single piece. 

CLASS PTEROPODA. 

This class of animals contains minute shell-fish, which are 
found swimming in the open ocean far from land. They 
derive their name of Fterojfxxia from the fact that the head 
is furnished with two wing-like fins, by means of which 
the animal swims (Greek, pteron, wing ; podes, feet). We 
may select as the type of this class the well-known Hyalea 
tridentata of the Mediterranean and Atlantic, but we shall 
give merely a brief outline of the most important points 
in its organisation. 

The animal of Hyalea trid^rUata (fig. 30) is enclosed in 
a small, yellowish -brown, semi-transparent shell, which 
may be regarded as composed 
of a back and front plate, 
imited to one another more y ' 

or less completely. The back ^^^^^ / 

plate is nearly flat, and is pro- 
longed in front so as to form 
a sort of hood. The front 
plate is strongly rounded and 
globular. Behind, the shell is ^. „ . . .^ . , ^^ 

^ n 1 • u. xi- • FiK. 'i/o.—Hyalea tridentata, showing 

prolonged into three spmes, the shell and tbe lateral fins attached 

which arise from the line to the sides of the head (//). 
where the two plates of the shell unite with one another. 
In front the two plates leave a small aperture, through 
which the animal can protrude its head at will \ and at the 
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sides there are two slits, one on each side, through which 
pass long appendages of the integument or " mantle." 

The animal is attached to the interior of its shell by a 
muscle which passes from the point of the shell behind to 
the head in front. On each side of the head is situated a 
large fin (fig. 30, //), by means of which the animal 
propels itself through the water. The head is also fur- 
nished with indistinct tentacles, and exhibits centrally, on 
its front margin, the opening of the mouth. The mouth 
contains a toothed ^Hongue," essentially similar to that of 
the Whelk. The mouth opens into a long and slender 
gullet, which conducts to a stomach, this in turn com- 
municating with a long and slender intestine. There is a 
well-developed liver, and the intestine terminates in a dis- 
tinct vent placed on the right side of the neck. The ner- 
vous system forms a mass situated below the gullet. There 
is a heart, consisting of two chambers; but the breathing- 
organs are quite rudimentary, and can hardly be said to 
constitute regular gills. 

Hyalea tridentata is a native of the Mediterranean and 
Atlantic Ocean, and is found in the open sea, far from 
land, darting about by means of the vigorous flapping of 
the lateral fins. It appears to be of nocturnal habits, and 
to sink below the surface during the daytime. 

Recapitulation op Essential Characters. — The 
head is furnished with lateral expansions of the skin, 
or fins, by means of which locomotion is effected. The 
mouth is furnished with a toothed tongue. The animal 
lives in the open ocean, near the surface of the water. A 
non-essential but common character is, that the body is 
protected by a symmetrical, glassy, semi-transparent shell 
These characters distinguish the class of the Pteropoda as 
a whole. 
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CHAPTER XVni. 

CLASS CEPHALOPODA. 

The next group of animals is a large one, comprising the 
various kinds of Cuttle-fishes and the Pearly Nautilus, 
all of which live in the sea. The name of die group is 
Cephalopoda (from the Greek, kephale, head, and podes, 
feet), so called because the head is surrounded by a 
series of " arms," or muscular processes which the animal 
uses for walking with at the bottom of the sea. As the 
representative of these animals we shall select the common 
Calamary (Loligo wlgaris) of British seas. This singular 
creature (fig. 31, A) grows to a length of from a foot and 
a half to two feet, and is not uncommonly found stranded 
on the shore after heavy storms. The animal consists, as 
can readily be seen, of two portions — an anterior or front 
portion, carrying the eyes, and a posterior or hinder por- 
tion, into which the former is loosely fitted in front. The 
hinder portion is the body proper, and is of a cylindrical 
or rounded shape, furnished behind with a broad trian- 
gular fin on each side. These fins give the hinder end of 
the body a somewhat lozenge-shaped form, and they enable 
the animal to swim with great power and rapidity. The 
whole of the body is enclosed in thick leathery skin, of a 
bluish colour, and covered with numerous purplish-red 
specks and blotches. The under surface is of a lighter 
tint, and the animal can change its colour at will, and can 
thus adapt itself to the colour of surrounding objects. 

The anterior portion of the body carries on its sides a 
pair of large, conspicuous, globular eyes, and bears in 
front a circle of muscular processes or " arms." These 
arms are ten in number, eight of them of equal size, and 
the remaining two very much longer than the others. 
The eight short arms (fig. 31, A, a) are furnished on 
their inner surfaces with two rows of Uttle cups, or 



■J 2 OUTLINEa OF KATUBAL EI8T0BT. 

" suckers," which enable the animal to seize objects firm]] 
and also to walk about head downwards at the bottom c 
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the sea. These suckers, numerous as they are, are entire- 
ly under the control of the animal ; and each is furnished 
with a ring of homy hooks round its margin (fig. 3I9 C, 
so that they constitute collectively a most efficient appa- 
ratus for adhesion and for grasping purposes. The two 
longer arms are known as the '^tentacles'' {&g, 31, A, ^), 
and they only carry suckers at their extremities, which 
are expanded and club-shaped. 

If we separate the arms a little from one another, so as 
to expose the front of the head, we see the opening of the 
mouth, surrounded by the bases of the arms (fig. 31, D, 
m) ; and within the mouth is a pair of strong jaws, of a 
horny consistency, brown with white tips, and very like 
the beak of a parrot, except that the undermost jaw is the 
longest. 

^e only other point in the external anatomy of the 
animal wluch needs mention, is a peculiar tube which is 
seen on the under surface of the head. (This is not visi- 
ble in fig. 31, A, since this represents the upper surface 
of the animal, but it is shown in fig. 31, D, /). This 
tube is called the '^ funnel,'' and the animal has the power 
of ejecting through it a stream or jet of water. By means 
of this jet, by its reaction on the surrounding water, the 
animal can propel itself, tail foremost, without the neces- 
sity of using its fins. The " funnel " also serves other 
purposes which will appear hereafter. 

Betuming now to the mouth, we may briefly examine 
the internal structure of the animal. The mouth, with its 
beak-like jaws, opens into a gullet, surrounding which we 
find a ring of nervous matter (fig. 32, n), which represents 
the brain of the higher animals, and which is protected by 
a rudimentary skidl. Besides the jaws, the mouth also 
contains a tongue, the hinder portion of which is covered 
with spines. Thfe gullet leads into a stomach, from which 
process an intestine, terminating at the bottom of the 
" funnel." The funnel, therefore, serves to convey out of 
the body the undigested portions of the food. There is 
also a well-developed liver (fig. 32, /), which pours its 
secretion into the intestine. Placed upon one side of the 
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intestine is a curious organ, which is generally known as 
the " ink-sac " (fig, 32, i). This is a little bag or mem- 
branoua sac, filled with 



)/ — ^which the animal 

,^^^ I has the power of Bqnirt- 

' \ ing out at wilL The 

I ^ ( • tube which leads from 

y the ink-sac opens at 

f—r\ the base of the funnel, 
/ Jm and the "ink" can 
L/^ thus be thrown into 
the water outside. 
The animal according- 
ly, when threatened 
by any danger, emits 
a jet of this inky fluid, 
and makes its escape 
under coTer of ttie 
cloud which it has thus 
raised. 

The remaining in- 
ternal organs which 
mainly concern ns, are 
the heart and gills. 
The heart receives the 
; pure blood, which has 
nt''^t'bU^o(^e°fin^ passed through the 

nelLT); tmi-BSCiilBaOFenlngat the baae gills, asd distributes 

orti«funneii(,Gui«;»SM6ton. jj (o all parts of the 

body. The gills are the breathing-organs, and are two 
in number. They are pyramidal in shape, and the im- 
pure or venous blood is submitted in tlem to the action 
of the oxygen contained in the water, which is freely 
admitted to them ; and which, after passing over their sur- 
face, is again expelled from the funnel 

I^tly, we find that tlie soft and yielding body of the 
Calamary is strengthened and supported by a singular 
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internal skeleton, which is enclosed within the thick skin 
of the body. This skeleton (fig. 31, B) has something of 
the form of a paddle or of a feather, and it is generally 
known as the " pen." It is of a homy consistence, semi- 
transparent, and consisting of a central stem with two 
lateral expansions or "wings." In old specimens there 
are several of these "pens," packed closely one behind 
the other. 

The Calamary, as before mentioned, lives in the sea, and 
the present species is generally distributed round the shores 
of Great Britain. Where abundant, it is used by the 
fishermen as bait. In the quaint language of Pennant, 
these animals "inhabit all our seas; are gregarious; swift 
in their motions ; take their prey by means of their arms, 
and embracing it, bring it to their central mouth. Adhere 
to rocks, when they wish to be quiescent, by means of the 
concave discs that are placed along their arms." They 
appear to live upon shell-fish, and sometimes sea-weed, and 
they lay their eggs in clusters containing many thousands. 

Recapitulation of Essential Chaeacters. — Of the 
above-mentioned characters which distinguish the Cala- 
mary, the following are essential : The body is symmet- 
rically constructed, so that you could divide the animal 
with a knife into two halves, which would externally be 
exactly similar to one another. The mouth is placed in 
the front of the head, and is surrounded by a circle of mus- 
cular processes or " arms." The breathing-organs are in 
the form of gills ; and the water which has passed over the 
gills is expelled from the body by means of a muscular 
tube or "funnel." By the jet of water thus emitted, the 
animal can propel itself through the water. The mouth 
is furnished with beak-like jaws, and also with a tongue, 
the hinder part of which is provided with bent spines. 
The nervous system is highly developed, and is partially 
protected by what may be regarded as a rudimentary 
skull. These characters distinguish all the animals which 
are related to the Calamary, and they may therefore be 
taken as the distinctive characters of the entire class of 
the Cephalopoda, 
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CHAPTER XIX. 

CLA3S PISCES. 



The class Piica (Latin, pUcU, a fish) includes the familiar 
animala vhich are properly known aa fishes. As the type 
of this Tast and universally distributed group, we may 
take the common Perch (Perca fluviaiilU) of the rivers 
and lakes of Britain and Northern Europe. 

The general shape of the body in the Perch (fig. 33) is 
somewMt spindle-shaped, tapering towards both ex- 
tremities, and thus adapting the animal for rapid and 
easy movement in a watery medium. From the tip of 
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the nose for about a quarter of its whole length the thick- 
ness rapidly increases, and then it more slowly dimiaiahes 
towards the tail for the remaining three-quarters of its 
length. The body is also considerably compressed or 
flattened from side to side, and its height is much greater 
than its width. 
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The body is covered with a closely-fitting armour of 
scales developed in the skin. These scales (fig. 36, B) 
are thin, flexible, homy plates, which overlap one another 
like the tiles of a house, and which have their hinder 
edges fringed with a comb-like row of spines. Eunning 
from the back of the head to the root of the tail is a 
peculiar row of scales (fig. 33, Z), which constitute what is 
called the "lateral line." Every scale in this line is per- 
forated by a small hole, and communicates internally with 
a peculiar system of canals. It used to be believed that 
the slime which covers the body was secreted by these 
canals, and poured out by the lateral line of scales ; but it 
is more probable that the slime or mucus which covers 
the body is really the outer layer of the skin. 

The fish propels itself through the water by means of 
the "fins," all of which have the common character of 
being expansions of the skin in the form 
of membrane, supported by numerous 
"rays" or thin bony spines, much as an 
umbrella is supported by its ribs. Some 
of the "rays" (fig. 34, A) are undivided 
bony spines, and are termed "spinous 
rays ; " others are branched towards their 
ends, and are divided by joints into num- 
erous short pieces, when they acquire the 
name of "soft rays" (fig. 34, B). Some 
of the fins have only spinous rays ; some 
have only soft rays; and some possess 
both kinds of rays combined with one 

^^Ji\ „ ,, . . . ,. Fig. 34.-A, "Spin- 

Whilst all the fins agree m consistmg ousray^of a fln, 
of membrane supported by bony "rays," J?4| '^e'^B. 
they are nevertheless divided into two very " Soft ray" of a 
distinct groups, quite different in their real ^ 
character. Some of the fins, namely, are placed in pairs 
on the sides of the body, and are really the lir/ibs of the 
animal Others are unpaired — ^that is to say, they are 
simply placed in the central line of the body, and have no 
fellows. The "paired" fins are four in number, making 
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two pairs. The front pair (fig. 33, p) represents the fore- 
legs, and is termed the " pectoral fins " (Latin, pectiiSy the 
breast). They are placed on the side of the body, just 
behind the head. The hinder pair (fig. 33, v) represents 
the hind-legs, and is termed the "ventral fins" (Latin, 
venter, the belly), being placed on the lower surface of the 
fish, behind and below the pectorals. Both the pectoral 
and ventral fins of the fish are employed chiefly in steering 
the animal, and more especially in ascending and descend- 
ing in the water. All the " rays," lastly, of the pectoral 
fins are " soft" and jointed ; and all those of the ventral 
fins have the same character, with the exception of the 
first ray, which is " spinous." 

The " unpaired " fins are divided into three sets : one 
placed above or on the back, one placed at the end of the 
body, and one placed below. The unpaired fins along the 
back are two in number (fig. 33, d, df\ and are known as 
the first and second "dorsal fins" (Latin, dorsum, the 
back). The first dorsal is supported by fifteen "spinous" 
rays, the second dorsal by rays of which all but the first 
are " soft." The function of the dorsal fins is chiefly to 
enable the fish to maintain its equilibrium and vertical 
position in the water. The unpaired fin at the end of the 
body is commonly called the "tail," but is technically 
known as the " caudal fin " (Latin, cavda, the tail). It is 
entirely supported by "soft" rays, and is symmetrical in 
form, consisting of two equal lobes (fig. 33, c). The posi- 
tion of the tail is vertical, so that it strikes the water from 
side to side. Along with the whole flexible hinder end of 
the body, it constitutes the main organ of progression of 
the fish, its powerful strokes driving the animal forwards, 
much as a boat can be propelled by a single oar placed 
over the stern. Lastly, a single unpaired fin (fig^ 33, a) is 
placed upon the lower surface of the body in front of the 
tail, and is known as the "anal fin" (Latin, aniLs, the 
vent), because it is placed near the vent. All its rays are 
"soft," except the first two, which are rigid spines. 

The skeleton of the Perch (fig. 35) is very complicated, 
and can only be brieflly sAluded to. Its most important 
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portion ia the "backbone," which is seen to form a long 
axis or central stem, round which the body b Bynunetricallf 
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built up. The backbone is technically called the " ver- 
tebral column," and is composed of a succession of short 
pieces or segments, each of which is termed a "vertebra" 
(Latin, verto, I turn). Each separate piece or vertebra of 
the backbone is deeply cupped or hollowed out at each end, 
and the entire spine ig tiuB rendered extremely flexible. 
From the possession of this backbone or spinaJ column, 
the Perch ia said to he a " vertebrate animal." The essen- 
tial purpose served by the backbone is to protect the 
very important portion of the nervous system which is 
known as the " spinal marrow," or " spinal cord." The 
unpaired fins are all connected with the backbone by 
means of a series of little bony spines, which are placed 
in the central line of the body, and are known as the 
" interspinous bones " (fig. 35, i). 

At the front end of the Imckhone is placed the skull, 
which protects in its interior the brain or central portion 
of the nervous system. 

The montii in the Perch is placed at the front of the 
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head, and is armed with small teeth, which have a imifonn 
size, and are bent backwards. The throat is pierced with 
a aeries of slits, which, as we shall see, allow the water to 
reach the gills or breathing-organs. Behind tiie throat 
the digestive canal consists of a gullet, stomach, and 
intestine; and the latter terminates in a distinct vent, 
placed on the lower surface of the body. There ia a lai^ 
and well-deTeloped liver, and behind the stomach are 
placed three closed tubes, which are belieTed to represent 
another of the digestive glands (the sweetbread or pan- 
creas). 

At the udes of the throat, on the under surface of the 
head, are placed the breathing-organs and heart. The 
former constitute the "gills," and are adapted solely for 
breathing air dissolved in water, and not for breathing air 
directly. Hence the Ssh dies if removed from its natural 
element The gills {fig. 36, A, b b) have the form of a 
series of fringes, supported upon four bony arches (a), 
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and having a bright red colour from the number of blood- 
vessels distributed to them. A similar set of gills, snp- 
ported upon four similaT arc1ie&, ia placed upon the oppo- 
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site side of the head (h% The heart (h) has the function of 
driving the impure blood to the gills, and it consists of 
two chambers or cavities only. 

The process of respiration or breathing is carried on by 
the Perch as follows : The gills, as we have just described 
them, are placed on the sides of the throat ; but, instead 
of being exposed to view, they are concealed and protected 
on each side by a kind of movable door or flap, composed 
of a series of flattened bones, and known as the " gill- 
cover " (fig. 33, o). They are also protected below by a 
membrane, which is supported by slender, curved, bony 
spines. In this way the gills occupy a sort of chamber 
on each side of the neck. Internally, each of these 
chambers opens into the throat by a series of slits, already 
alluded to ; and externally, each opens upon the surface 
by a vertical slit or fissure, which is placed just behind 
the gill-cover, upon the side of the neck, and which is 
known as the gill-slit. When the Perch wishes to breathe, 
which it does several times in the minute, it opens its 
mouth and takes in a gulp of water ; it then forces the 
water into the gill-chambers through the slits in the 
throat ; and finaUy, after the gills have extracted all the 
oxygen from it, the fish opens the gill-cover and expels 
the now airless water through the gill-slit. 

The Perch also possesses a singular membranous sac or 
bladder, which is termed the " swim-bladder," and is placed 
below ike spine, behind the head. This is filled with 
gas, and appears to have the function of enabling the 
animal to rise and sink in the water at will. It is to be 
regarded, however, as really corresponding with the lungs 
of the air-breathing vertebrate animals. 

The nervous system of the Perch consists mainly of the 
spinal marrow, protected by the backbone, and the brain, 
contained within the skull. As organs of sense, the ani- 
mal possesses two eyes, which are destitute of eyelids; 
ears which are placed internally, and have no outward 
opening ; and a nose, opening by nostrils on the top of 
the snout, but having the pecidiarity that it does not 
open into the throat behind. 
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The Perch is one of the commonest of British and 
European fishes, exclusively inhabiting fresh water. " It 
is a gregarious fish, and loves deep holes and gentle 
streams." It is also exceedingly voracious, and it will 
Uve for some hours out of water. It attains a weight of 
eight or nine pounds ; but this is quite exceptional, and a 
Perch of three pounds weight is unusually large. Its 
colours, when aUve, are very briUiant — green above, 
passing into yellow below, with dark transverse bands on 
the sides, and with the unpaired fins bright red. 

Kecapitulation of Essential Characters. — The 
animal is a water-breather, and the breathing-organs are 
in the form of gills. The limbs, when present, are con- 
verted into "fins." The heart is (with few exceptions) 
only two-chambered, and the blood is cold. Nearly 
universal, though not quite, are the possession of a covering 
of scales, the existence of a swim-bladder, and the fact that 
the nose does not open behind into the throat. By these 
characters the class Pisces is distinguished as a whole. 



CHAPTEK XX. 

CLASS AMPHIBIA. 

The Amphibia are a class of animals which may be re- 
garded as in many respects intermediate between the true 
Reptiles and the Fishes, and they derive their name from 
the fact that they mostly inhabit the water when young, 
and live upon the land when old, or from the fact that 
they live indifferently either on the land or in water 
(Greek, amphi, both; bios, life). As an example of 
this class we may take the common Frog of Britain {Ra/na 
temporaria). 

The peculiarities of the Frog will be most clearly under- 
stood if we commence with the animal from the egg and 
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trace its development till it assumes its adult characters. 
The eggs of the Frog are deposited in water in gelatinous 
masses, and the young Frog on leaving the egg is known 
as a Tadpole. In this stage of its existence (fig. 37, a) 




Fig. 37.— Development of the common Frog (Rana temporaria); a Tadpole, 
viewed from above, showing the external gills (p); b Side view of a some- 
what older specimen, showing the fish -like tail; c Older specimen, in 
which the hind-legs have appeared ; d Specimen in which all the limhs 
are present, but the tail has not been wholly absorbed (after Bell). 



the animal resembles a little fish having a large rounded 
head, a protuberant projecting belly, and a long com- 
pressed tail (6). Its breathing-organs are at this period 
genuine gills, two sets of which exist at first. One set of 
giQs is external, and has the form of little filaments placed 
on the side of the neck (fig. 37, a, g). These, however, 
soon disappear, and the animal then breathes by means of 
a series of internal gills, contained in a Hnd of chamber, 
and protected by a flap of skin, which conceals them from 
view. The water is admitted to these gills by the mouth, 
and the respiration at this period is carried on essentially 
in the manner which distinguishes the true Fishes. At 
this period of its existence, also, the animal not only lives 
exclusively in the water, but it feeds upon vegetable mat- 
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ters, and it possesses a very long and much-convoluted 
intestine. 

After a while the limbs commence to appear, two pairs 
of these being proper to the adult animaL The first to 
become visible extemaUy are the hind-limbs (fig. 37, c) ; 
whilst the fore-limbs are developed within the cl^imber 
which contams the gills, and do not make their appear- 
ance till later. The tail, however, still remains ; and it is 
not till the development of the limbs has become consid- 
erably advanced that the tail begins gradually to diminish 
in size and to dwindle away. FinaUy, the animal takes 
to the land, and, no longer needing its tail to swim with, 
this organ is completely absorbed, and the adult thus 
becomes "tailless." 

Coincident, however, with the sprouting forth of the 
limbs and the diminution of the tail is a more important 
internal change, by which the animal is enabled to leave 
the water, and betake itself to the dry land. At first, as 
we have seen, the animal breathes by gills, and cannot 
exist out of the water. After a period, however, lungs, 
adapted for breathing air directly, are developed, and &e 
animal now loses its gills altogether. It now ceases to be 
an inhabitant of the waters, and, changing its medium, 
it becomes terrestrial in its habits, though still capable of 
taking to the water when necessary. The fully -grown 
Frog, therefore, differs from the young Frog, or Tadpole, 
in breathing by limgs instead of by gills, in having two 
pairs of well-developed limbs, and in not possessing a tail. 
It may be added that the adult Frog lives upon animal 
matter, slugs, insects, and the like, instead of vegetable 
food, and that its alimentary canal is much shorter and 
more simple than that of the young. 

The fuUy-gr^jpm Frog (fig. 38) haa a short body, a broad 
head, wide mouth, and long muscular legs. The fore-legs 
are much shorter than the hind-legs, and terminate in four 
toes each. The hind-legs, on the other hand, are greatly 
developed, and terminate in five long toes, which are 
" webbed," or united by a membrane, so that they consti- 
tute very efficient and powerful swimming-organs. 
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The akin is very soft and moist, quite destitute of 
scales, and very lotmely attached to tite muscles beneath. 




Fig. 38,— Tis 



Fftg (JSana tempomrid). 



The animal can to a great extent breathe hj means of the 
porous skin, and it can thus spend a long period under 
water without the necessity of using its lungs. In an 
ordinary way, however, it breathes air directly by means 
of the lungs, and as it possesses no morabte ribs, it obtains 
tie Mr necessary for breathing by a process resembling 
swallowing. Hence it is possible to suffocate a Frog, in 
the summer time, when the animal is active, simply by 
holding its mouth open, and thus preventing its swaUow- 
iagthe air required for breathing. 

The mouth is furnished with a row of minute teeth 
attached to the upper jaw ; but the lower jaw is toothless. 
The tongue is fleshy, and instead of being rooted behind, 
it is fixed to the front of the month, so that its point is 
directed down the throat The animal can protrude it 
to a considerable length, and uses it for the purpose of 
catchiDg the small aoinials upon which it Uvea. The 
digestive system is well developed, but calls for no 
' d mention. 
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The heart is at first like that of Fishes, consisting of 
oaly two chambers, and having only tlie function of driv- 
ing the blood to the gilla. When the lungs are developed, 
however, the heart tindergoes consideiable change, be- 
coming like that of a Reptile. It now consists of three 
chambers, and is so constructed that the impure blood 
mixes in it with tlie pure blood coming from the lungs, 
and that the body is supplied with this mixture. As 
a consequence of this, at any rate in part, tbe Frog is, 
like the Fishes and Reptiles, eold-Uooded. In other 
words, its temperature la very little higher than that of 
the air or water in which It lives. 

The nervous system of the Frog is well developed, con- 




sisting of a brain and spinal marrow, and of the nerves 
connected with these. Theie «x& ilao two large ^ea, for- 
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nished with movable eyelids, and two ears, which can 
be detected externally. 

The skeleton of the Frog (fig. 39) is of a much higher 
type than that of a fish ; but there are only three points 
which need be particularly pointed out. Firstly, the 
broad and flat skull is jointed to the backbone by two 
distinct joints. Secondly, the joints or vertebrae of the 
back {d) carry long side-processes, but the ribs are quite 
rudimentary and merely consist of gristle. Thirdly, the 
limbs are not in the least like the "fins" of fishes, but 
they exhibit the same bones as are present in the limbs of 
the higher animals. 

The conmion Frog is of a reddish-brown or yellowish- 
brown colour, spotted with black ; but it has, to a certain 
extent, the power of altering its colour according to the 
intensity of the light to which it may be exposed. It 
feeds upon small slugs, worms, and insects, and is in turn 
largely eaten by various animals, especially by Owls. It 
is an excellent swimmer, and mostly passes the winter 
under water, in a torpid condition. Owing to the length 
of its hind-legs, it is also a capital jumper; and it can 
produce the peculiar sound which is known as "croak- 
ing." 

Recapitulation of Essential Charactees. — The 
animal when yoimg is a water-breather, and is provided 
with gills. In its adult state it breathes by means of 
lungs (with or without the original gills). Both pairs of 
limbs are usually present, and they do not present the 
form of "fins," possessing, on the contrary, the same 
bones as in higher animals. The blood is cold. The 
skull is jointed to the backbone by two joints, and the 
nose opens behind into the throat. The heart is three- 
chambered in the adult, but two-chambered in the young. 
The skin is almost universally soft and destitute of scales. 
These characters distinguish the class Amphibia as a 
whole. 
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CHAPTER XXL 

CLABS EEPTILIA. 

Thb class ReptUia (Latin, repto, I crawl) comprises all 
the animals which are commonly called " Reptiles," ex- 
cept the Amphibians, which would also be placed here by 
popular consent, but which we have seen really to con- 
stitute a distinct division. The living reptiles fall into 
the four very distinct groups of the tortoises and turtles, 
the snakes, the lizards, and the crocodiles and alligators. 
It is difficult to choose any single type which adequately 
represents the entire class, and which is at the same time 




readily obtainable for examination. We may, however, 
select one of the venomous serpents, such as the Battle- 
snake, most of the remarks which will be made about 
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this f onn applying with equal truth to the common Viper 
of Britain. 

The Eattlesnake {GrotalvA horridtcs) has entirely the 
form which we generally understand by the term " snake- 
like/' having a long, cylindrical body, tapering towards 
the tail (fig. 40). The body is completely destitute of 
limbs, and is covered with an armour formed of small 
overlapping homy scales. Some of the scales which 
cover the head are of larger size than the others, and 
there is also a row of oblong shields which are continued 
along the whole lower surface of the animal from the head 
to the end of the tail The tail terminates in a singular 
organ known as the " rattle," which the animal shakes 
when alarmed or intending to bite. The rattle is really 
a mere appendage of the skin, and is composed of a num- 
ber of homy pyramidal joints, loosely united together. 
The animal, lastly, sheds its skin periodically. 

The head is somewhat triangular, broadest behind (fig. 
40), and supported upon a comparatively slender neck. 
The eyes have the peculiarity that they are not furnished 
with movable eyelids, but are covered by a transparent 
continuation of the skin. This gives the animal a pecu- 
liar fixed and stony stare. Between the eye and the 
nostril on each side is also to be noticed a deep depression 
or pit 

At the front of the head is placed the mouth, within 
which we shall find some of the most characteristic struc- 
tures in the anatomy of the Eattlesnake. The tongue is 
forked, capable of being protraded from the mouth at 
will, and, when protruded, maintained in rapid vibration. 
The tongue, however, in spite of appearances, is a per- 
fectly harmless organ, and the offensive weapons of the snake 
are to be found in the teeth (fig. 41). The two halves 
of the lower jaw are very loosely united together in front, 
so as to allow of their free separation, and they carry 
each a series of pointed conical teeth, directed backwards, 
and amalgamated with the substance of the jaw itself (l). 
Behind, each half of the lower jaw is united with the skull 
by a peculiar movable bone (g), which is known as the 
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"quadrate bone" (Latin, gvadratut, four-sided). This 
bone is directed backwards behind the base of the skull, 
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and owing both to this circumstance and to its mobility, 
the snake can open its mouth to an extraordinary width, 
and swallow morsels of comparatively immense size. 

Along the palate above, on each side, b also a row of 
small conical recurved teeth (p); but the upper jawa offer 
the most striking peculiarities. The upper Jaw (fig. 41, 
m) is a short movable bone, so jointed to the Ekull that it 
cau be raised and depressed at will. Each upper jaw car- 
ries a great curved tooth, firmly amalgamated with the 
bone of the jaw, and termed the "poison-fang." The 
poison-fangs are not only of much greater size than the 
other teeth, but they are provided with a canal, which 
opens at the point of the fang in a minute aperture. 
The canal in the fang conunnnicates above (fig. 42) with 
the tube or duct leading from a singular organ known as 
the " poiaon-gland." This organ (fig. 42, o) is a gland 
placed beneath and behind the eye, and secreting the 
peculiar fluid which renders the bite of the snake fatal. 
When the snake wishes to kill an animal for food, or when 
attacked by an enemy, it employs these formidable 
weapons in the following manner : The great poison-fangs 



which were previonsly directed backwarda along the roof 
of the mouUi, are now erected, by the elevation of the 
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upper jaw-bone, to which they are attached. The fangs 
are then plunged with great force into the body of the 
animal which the snake wishes to kill In perfonning 
this act, the muscles which cover the poison-gland com- 
press it strongly, so that as the poigon-fanga entei the 
neah, a drop of the poisonous fluid is diiven into the 
wound through the little perforation in the point of the 
poison-fang. The poison itself is a colourless, greasy 
fluid, and it produces death, at any rate in the ui^ority 
of cases, with a rapidity proportioned to the size of the 
wounded animlaL 

The mouth opens into a comparatively simple digestive 
tube, which terminates in a vent placed on the under sur- 
face of the tail The breathing-organs are in the form of 
volumijious lungs, of which one is rudimentary. It is to 
be remarked, therefore, that the animal is strictly an air- 
breather, and that at no time of its life does it possess 
gills, or organs adapted for breathiDg air dissolved in 
water. The heart consists of three chambers, and is so 
constructed that the impure (venous) blood, mixes to 
a greater or less extent with the pure blood which has 
come from the lungs ; and the body ia then supplied with 
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this mixture. As one result of this, the temperature of 
the body is low, and the animal is " cold-blooded," The 
nervous system, lastly, consists of a brain and spinal cord, 
with the nerves which these give ofF. 

It still remains to say a few words about the skeleton 
of the snake, and especially as to the peculiarities which 
are connected with its mode of locomotion. The brain is 
protected within a bony skull, and the spinal cord is pro- 
tected by a very long and extremely flexible backbone, 
with which the skull unites by a single joint There are 
no traces of limbs, and the snake progresses by gHding 
upon its belly, walking in reality upon the ends of its 
ribs. In accordance with this, the ribs are exceedingly 
numerous, and instead of a number of them being united 
to a breast-bone in front, this latter bone is absent, and 
the ribs are simply connected with the homy shields 
which cover the belly. The snakes creeps along the 
ground, therefore, by the movements of the numerous ribs, 
which it employs in progression somewhat in the same 
way that a centipede uses its legs. 

The conmion Battlesnake of North America is usually 
about three or four feet in length, sometimes more. Its 
general colour is brownish-yellow, with two rows of par- 
tially united brown blotches of an irregularly lozenge- 
shaped figure, but the tail is black. The "rattle" is 
light brown in colour, and increases in length with the 
years of the animal, though not receiving an additional 
joint per annum, as is often stated. Full-grown speci- 
mens ordinarily possess a rattle of from sixteen to twenty- 
four joints. The snake shakes the rattle when alarmed 
or about to strike, but what the function of this singular 
organ may be, must, in spite of recent speculations, be 
regarded as still unknown. The Eattiesnake lives upon 
small animals, such as hares or squirrels, and birds, which 
it kills by its poisonous bite, and then swallows whole, 
the teeth permitting neither division of the food nor masti- 
cation. It is a sluggish animal, which remains torpid 
dniing the winter, and is most active and most poisonous 
in the iiottest weather. 
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Rbcapitulation of Essential Chajlactebs. — ^The 
animal is an air-breather, and never possesses gills at any 
time of its life. The two sides of the heart commmiicate 
with one another (in most cases), and the body is always 
supplied with a mixture of pure and impure blood. The 
blood is cold. The skin usually develops homy scales. 
The lower jaw is jointed to the skull by means of a 
" quadrate bone," and the skull is united with the back- 
bone by means of a single joint. The condition of the 
limbs varies, but in no case are more than two pairs pre- 
sent. These characters distinguish the class ReptUia as a 
whole. 



CHAPTEK XXII. 

CLASS AYES. 

The class Aves (Latin, am, a bird) includes only those 
most familiar and beautiful of animals, the Birds. Instead 
of finding any difficulty in selecting an example which is 
both common and at the same time exhibits the leading 
peculiarities of the class, it would not be an easy matter 
to choose a common bird in which the more important 
characters of the entire division are not present. We 
shall therefore select as our type the domestic Goose, 
or rather the Grey Lag Goose {Anser ferns) from which 
the domestic breed is descended. 

Like all birds, the Goose is a genuine biped, supporting 
its body, in standing or walking, exclusively upon its 
hind-legs. As in the great majority of birds, also, the 
fore-limbs are converted into wings, and are employed in 
supporting the body of the animal in the air, or, in other 
wonls, in flight. The fore-limbs are thus useless for 
purposes of grasping, and all acts of this nature are per- 
formed by the beak — that is to say, by the jaws ; though 
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some birds can likewise employ the hind-feet in seizing 
objects. 

The entire body of the Qoose is covered with a close 
coTering of those peculiar appendages of the skin which are 
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known aa feathers. The lower portion of the legs and 
the beak are unfeathered, but the bead, neck, and body 
are protected by a dense plumage, which serves two 
piiqtoses. In the first place, since it conducts heat vety 
imperfectly, the plumage serves to retain and conserve the 
heat generated within the body of the animal. The 
Goose, therefore, though spending a portion of ita time 
in a medium so cold aa water, whilst it is a " hot-blooded" 
animal, is nevertheless able to keep its temperature up to 
as high as about 100° or a little over. In the second 
plac^ the plumage ia kept oiled by the oily secretion of 
certain glands near the tail, and the bird is thus enabled 
to enter the water without getting wet 

The feathers carried by t^e wing are longer tlian those 
rrbieb cover tlie body, «»4 aie flos ot^-ds which propd 
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the bird througli the air. Those carried by the hand are 
longer than ttose supported by the fore-arm, and the 
whole can be made to beat the air by the downward 
stroke of the wing. The feathers of the tail, also, though 
of no great length in the Groose, are longer than those 
which cover the body, and can be spread out like a taxt, 
m as to serve as a rudder and guide the Hid in its couise 
through the air. 

Whilst the wings or fore-limbs are used in flight, the 
hind-limbs or legs are used both in walking upon tiie land 
and in swimming in the water. The legs are placed so 
far back (fig. 43) that the animal cannot walk lightly or 
gracefully, but on the contrary has a waddling and awk- 
ward gait upon the land. Thia same circumstance, however, 
enables the feet to act Very efficiently as oars or paddles, 
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when the animal is in the water, and this u 

greatly facilitated by the peculiar form of the foot. The 

foot (fig. 44, B) consists of four toes, of which three are 
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turned forwards and one backwards. The toe which 
is turned backwards is really the innermost toe of the 
foot (in man the "great toe"), and it is not only much 
smaller than the others, but is raised above the ground, 
so as to be comparatively useless. The three toes which 
are turned forwards are all united with one another by 
skin or membrane, so that the foot becomes " webbed," 
and thus strikes the water like a broad paddle. The 
feet and lower portions of the legs are also unf eathered, 
and are protected by homy plates. 

The head carries the eyes, the openings of the ears 
(concealed beneath the feathers), and the bill. The eyes 
are furnished with an upper and lower eyelid, and also 
with a third eyelid, which can be drawn across the 
eye from the inside, so as to protect the organ from an 
excess of light. 

The biU is composed of the upper and lower jaws, 
encased in horn, and quite destitute of teeth. The lower 
jaw is united to the skull, much as we saw in the serpent, 
by means of the pecuHar bone, which is termed the 
" quadrate bone." On the top of the upper half of the 
bill, at about its middle, we see the openings of the 
nostrils, in the form of two oval slits. The bill is broad 
and soft, only homy towards its margins, which are fur- 
nished with numerous parallel transverse plates. Within 
the bill is a large tongue, much more fleshy than is 
ordinarily the case amongst birds. 

As regards the digestive system, the most noticeable point 
is that a portion of the stomach is converted into an ex- 
tremely strong muscular organ, which is termed the 
"gizzard," and in which the food is ground down and 
rendered fit for absorption into the blood. As the bird, 
therefore, does not possess teeth, it may really be said to 
chew its food in the gizzard. 

The blood is hot, and the heart is a four-chambered 
organ, the two sides of which do not conmiunicate in any 
way. There is, therefore, no such mixture of the pure 
and impure blood as takes place in Reptiles. 

The Goose, though, to a gceat extent organised for an 



CLASS AYES. 97 

aquatic life, is nevertheless strictly an air-breather ; and 
the breathing-organs are in the form of spongy lungs 
placed within the cavity of the chest. The air, also, is 
admitted from the lungs to a number of air receptacles or 
chambers placed in different parts of the body. Further, 
the air is admitted to the interior of a considerable 
number of the bones, which are hollow, and filled with 
air in place of marrow. By means of these arrange- 
ments, the body of the animal is considerably lightened, 
and the blood is likewise more completely exposed to 
the action of the air than could otherwise have been 
the case. 

The nervous system consists mainly of a brain, pro- 
tected within the skull, and a spinal marrow, protected 
within the backbone. 

The peculiarities of the skeleton of the Goose are so 
numerous that nothing can be done here beyond merely 
pointing out one or two of the more important ones. One 
of the most striking of these is the form of the breast- 
bone, which has the shape of a broad plate carrying a 
great central ridge or keel of bone. The object of this 
is to offer a greatly extended surface for the attachment 
of the very powerful muscles required for the movement 
of the wings. Again, the neck is very long and flex- 
ible, and is composed of a nimiber of joints, so as to 
allow the bird to apply its bill to all parts of the body ; 
an arrangement rendered necessary by the fact that 
the limbs cannot be used in grasping or laying hold of 
objects. The last joint of the tail, again, is a large plough- 
share-shaped bone, which is set on nearly at right angles 
to the rest of the backbon^ and which serves for the 
elevation and depression of the feathers of the tail. 
Finally, the skull is united with the backbone by a 
single joint or pivot. 

Lastly, the Geese, like all other birds, produce their 
young in the form of eggs, and, like most birds, sit upon 
these eggs so as to hatch them by the warmth of their 
own bodies. When hatched, the young birds are quite 
active and can run about and look for food, yrhikt tfe^vt 

G 
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bodies are protected against the cold by an ample cover- 
ing of soft down. 

The Grey Lag or Grey-Legged Goose seems to be mi- 
questionably the parent of the domestic breeds of Geese. 

It was formerly very common in England, but is now 
very rare. According to Gould, it " is known to inhabit 
all the extensive marshy districts throughout the temperate 
portions of Europe generally; its range northwards not 
extending further than the fifty-third degree of latitude, 
wMle southwards it extends to the northern portions of 
Africa, eastwardly to Persia, and, we believe, is generally 
dispersed over Asia Minor." The Grey Lag (xoose lives 
upon grass, water-plants, and seeds, and abides mainly in 
fens and marshy places. It not only swims and flies well, 
but its walk, owing to the height of its legs, is not so 
clumsy as is the case with many water-fowL 

Recapitulation of Essential Chaeaotkbs. — ^The 
animal is an air-breather, and at no time of its life pos- 
sesses gills. The breathing-organs are in the form of lungs, 
which communicate with air-receptacles, and (almost in- 
variably) with the interior of a greater or less number of 
the bones. The blood is hot, and the heart four-chambered. 
The skull is jointed to the backbone by a single joint, 
and the lower jaw is joined to the skull by means of a 
" quadrate bone." The skin is provided with the peculiar 
appendages which are known as feathers. The fore-limbs 
(when not rudimentary) are organised for flight, and con- 
stitute wings. The hmd-limbs, in a state of nature, are 
never provided with more than four toes. The mouth is 
destitute of teeth, and the jaws are sheathed in horn. 
The animal brings forth its young in the form of eggs. 
These characters distinguish the class Aves as a whole. 
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CHAPTEK XXIII. 

CLASS MAMMALIA. 

The class Mammalia (Latin, mammxi^ the breast) includes 
the ordinary Quadrapeds, all of which suckle their young 
for a longer or shorter time after birth. As an example 
of this class we may select the domestic Dog {Cania fami- 
liaris). 

The Dog is a " quadruped " in the strict sense of this 
term, since it possesses four limbs, two fore-legs and two 
hind-legs, and all of these are employed in supporting the 
weight of the body. Unlike many quadrupeds, however, 
the Dog does not place the soles of his feet upon the 
ground, but on the contrary walks upon the tips of the 
toes, thus obtaining his Ught and springy gait. The soles 
of the feet, therefore (fig. 46, m m), are raised above the 
ground, and are covered with hair. The fore-feet have 
five toes each, the hind-feet (as a regular thing) only four 
toes each ; and all the toes are furnished with strong claws. 
The claws of the Dog, however, imlike those of the cat, 
are always exposed to view, and cannot be withdrawn 
into sheaths. 

In place of the feathers which are so distinctive of Birds, 
the skin of the Dog is covered with the peculiar appen- 
dages known as "hairs;" and these appendages are char- 
acteristic of the Manmials, in which they are never and 
at all times of life altogether wanting. 

The body of the Dog is supported internally by a com- 
plicated skeleton (fig. 46), or series of bony structures, 
which protects the internal organs from injury, and serves 
for the attachment of the muscles by which all the move- 
ments of the animal are effected. In briefly examining 
some of the more important points connected with this 
skeleton, it may be considered as consisting of the skull, 
the backbone and its appendages, and \k^ V^qtcl^Si ^\. "^^ 
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limbs. I^e ekull (fig 45) is a strong bony box or case 
within vhicb that most important ot^n, the brain, is 
protected. 

Besides the true brain-case, however, the skull also 




consists of the bones of the face, and likewise serves for 
the protection of the oi^ns of vision and hearing. The 
bones of the face are much lengthened out, so as to form 
a regular muzzle, at the end of which the moutii opens. 
The lower jaw (l) is composed of two halves, each consist- 
ing of a sin^e piece, and it is jointed to the skull behind, 
directly, and not by means of any "quadrate bone," such 
as exista in Reptiles and Birds. Both jaws are armed 
with teeth, whi<^ are sunk in distinct sockets in the bony 
substance of the jaw. In the front of each jaw are placed 
six teeth, the so-called front teeth or " incisors " (Iiatin, 
incido, I cut into), which have sharp cutting-edges, and 
are used in dividing the food (fig. 45, t). On each side 
of these are situated the so-called eye-teeth or "canine 
teetii " (Latin, cant*, a dog), two in each jaw, and there- 
/ore fonr in Dumber altog^QT. Tfeft<asffli«t«eth(fig. 45, 
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c) are very bng and pointed, and their special function is 
to act as weapons of offence and defence, and also to kill 
the animals upon which the Dog feeds. Outside the can- 
ine teeth, again, are situated the teeth which are known 
commonly as the back teeth or " grindets," and which are 
technically called the "molars" {Latin, mola, a mill). 
The molar teetii (fig. 45, m) of the Dog are twelve in 
number in tie upper jaw (six on each side), and fourteen 
in number in the lower jaw (seven on each side), l^ey 
can, however, only very partially be caUed "grinders," 
with any propriety, since all but the last two on each side 
of each jaw have sharp edges adapted for cutting and 
dividing flesh. 

The skull is united to the backbone behind by two 
joints. The first part of the backbone (fig. 46, n), imme- 




tioneB DC tbe forv-um ; ca Bonea oF tbs wiiat ; m P^m of tbe Wd ; t 
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gnpportlng the head. 

diately behind the head, constitutes the neck, and is com- 
posed of seven joints. The next portion of the backbone 
constitutes the back properly so called, and the different 
joints or " vertebra " here cany the ribs (r). .The ribs 
form the walls of the cheat, protecting the heart and lungs, 
and they are connected in front with the bone known as 
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the " breast-bone " (b). Behind the true back comes that 
portion of the backbone which is known as the "loins" 
(0, which is foUowedbyaportion which is enclosed between 
the two haunch-bones (t). Finally, there is the long and 
slender portion of the backbone which constitutes the 
" tan " (c). 

The fore-limb is connected with the trunk chiefly by 
means of the " shoulder-blade " («c), followed below by 
the strong and single bone of the upper arm (h). This is 
succeeded by two bones which constitute the fore-arm (/), 
and these carry a number of little bones which make up the 
wrist-joint (ca). The palm of the hand (m), as already 
remarked, ia carried off the ground, and the hand finaUy 
terminates in five fingers, or rather toes. 

The hind-limb is connected with the trunk by means of 
the haunch-bone (t), which carries the upper bone of the 
leg or " thigh-bone " (fe). Below this are the two bones 
which constitute the shin (t), and these carry the small 
bones of the ankle (to). The instep and sole of the foot 
(m) are raised completely off the ground, and the foot ter- 
minates in four toes. 

As regards the digestive system of the Dog, the jaws, as 
we have seen, are armed with teeth ; but these teeth are 
intended for cutting and not for bruising or grinding 
down the food. The Dog, therefore, cannot be said to 
chew or " masticate " its food, but it swallows its food in 
separate mouthfuls which it simply tears or cuts off with 
its sharp teeth. Salivary glands (Latin, saliva^ spittle) 
pour their secretion into the mouth, thus facilitating swal- 
lowing ; and the tongue, unlike that of the cat, is quite 
smooth instead of being prickly. The mouth opens into 
a gullet, the gullet into a capacious stomach, and the 
stomach into an intestine, but the last is comparatively 
short as compared with the intestine of vegetable-eating 
quadrupeds. The intestine also receives the secretions of 
two large digestive glands — namely, the liver and the 
"sweetbread" or "pancreas" (Greek, pan, all; Jcreas, 
flesh) — ^both of which produce fluids wliich exercise an 
important influence on the iood. 
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The food is converted by the action of the digestive 
organs into a white, milky fluid, which is then absorbed 
from the intestine by a series of special vessels, and 
poured into the blood. The blood is thus composed of 
the elaborated products of digestion, and, like that of all 
quadrupeds, it is warm, having an average temperature of 
98°. The blood is distributed to all parts of the body by 
means of a system of closed tubes — ^the blood-vessels, — the 
propelling force being derived from a central contractile 
organ — the heart. The heart is four-chambered, and is so 
constructed that the impure blood which has circulated 
through the body, does not mix with the pure blood com- 
ing from the limgs. On the contrary, the blood which 
has become impure by contact with the tissues is always 
submitted to the action of the oxygen of the air in the 
breathing-organs, before it is again allowed to be driven 
through the body. 

The breathing-organs of the Dog are in the form of two 
limgs placed within the cavity of the chest, the animal 
being strictly an air-breather, and never having gills at any 
time of its life. The air is admitted to the limgs by a tube 
which opens into the throat, and is known as the " wind- 
pipe," and the lungs never commimicate with air-recep- 
tacles as in Birds. 

The main masses of the nervous system of the Dog con- 
sist of the brain, protected within the skull, and the spinal 
cord, protected by the backbone. The senses are well 
developed, with the exception of that of touch, in the de- 
licacy of which the Dog is far exceeded by man. 

The innimierable breeds of the domestic Dog, in spite 
of the enormous differences between them, seem to be 
descended from no more than three or four wild types, of 
which the wolf and jackal are the most important. Some 
of the most striking varieties of the Dog, such as the grey- 
hound, appear to be exceedingly ancient, and it is not 
possible to say positively from what wild stock they have 
descended. The chief characters which distinguish the 
more typical breeds of Dog, such as the sheep-dog, from the 
wolf, are the possession by the former of a recurved tail 
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and circular pupil of the eye. According lo Cuvier, the 
Dog is " the most complete and most useful conquest that 
man has made. The whole species has become our pro- 
perty ; each individual is entirely devoted to his master, 
adopts his manners, distinguishes and defends his property, 
and remains attached to him even unto death ; and all 
this springs not from mere necessity, nor from constraint, 
but simply from gratitude and true friendship. The 
swiftness, the strength, and the highly developed power of 
smelling of the dog, have made him a powerful ally of 
man against the other animals, and were perhaps neces- 
sary to the establishment of society. It is the only ani- 
mal that has followed man all over the earth." 

Kecapitulation of Essential Characters. — ^The 
animal is an air-breather, and at no time of its life possesses 
gills. The breathing-organs are in the form of lungs, 
which do not communicate with air-receptacles or with 
the interior of the bones. The blood is hot, and the 
heart four-chambered. The skull is united to the back- 
bone by a double joint, and the lower jaw is joined to the 
skull directly, and not by means of a " quadrate bone." 
The skin is provided with the peculiar appendages which 
are known as hairs. The animal brings forth its young 
alive, and the young are nourished for a longer or shorter 
time by the mother by means of a special secretion — ^the 
milk — secreted by means of special glands — ^the mammary 
glands. 



CHAPTER XXIV. 

THE SUB-KINGDt)MS. 



It remains very briefly to consider how the classes of 

which we have examined representative types, can be 

arranged into larger divisions. The possibility of such 

an arrangement depends \i|^oiill;i<&i'aAt that certain classes 
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possess characters in common, which characters are not 
shared by other classes. By attending to these general 
characters, which belong to several groups, we can ar- 
range the classes of the Animal Kingdom into six larger 
divisions, which are called " sub-kingdoms " (Latin, sub, 
under), because they are the primary sections into which 
the whole kingdom may be broken up. The following 
gives briefly the characters of each sub-kingdom and the 
classes contained in it — ^two or three small classes, not here 
considered, being omitted : — 



SUB-KINGDOM I. PROTOZOA. 

The sub-kingdom Protozoa (Greek, protosy first ; zodfiy 
animal) derives its name from the fact that it comprises 
the lowest forms of animal Hf e known to the naturalist. 
It includes the two classes of the Rhizopoda and Infusoria^ 
which exhibit the following common characters : — The 
body exhibits no distinct rings or segments, and the walls 
of the body do not enclose any definite cavity which 
could be properly termed a " body-cavity." They have 
either no proper digestive system, or, at most, a mouth 
and short gullet. There is no nervous system, and the 
only representative of a blood-circulatory system is to be 
doubtfully found in one or more little contractile cham- 
bers, which are not universally present. Examples of the 
sub-kingdom are the Amoeba, the Sponges, and Fararnxje- 
dum, 

SUB-KINGDOM II. CCELENTERATA. 

The name of Cce^eTt^gyato or "hollow-entrailed" animals 
is applied to this sub-kingdom because the creatures in- 
cluded in it have a body-cavity which commimicates with 
the world outside through the mouth (Greek, koilos, 
hollow; enteroTiy intestine). The sub-kingdom includes 
the two classes of the Hydrozoa and Actinozoa^ and is 
defined by the following characters : — The body is com- 
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posed of two distinct layers, an outer and an inner, 
and the latter of these includes a distinct cavity, which 
is properly called a " body-cavity." There is a distinct 
mouth, which opens either directly into the body-cavity, 
or into a distinct stomach. IJie stomach, however, 
when present, opens below into the body-cavity, so 
that the latter in all cases communicates directly with 
the outer world through the mouth. The integument is 
provided with the singular microscopic organs of offence 
and defence which are known as "thread-cells" or 
" nettle-cells." There is no distinct blood-system or heart ; 
and the nervous system is either absent or quite rudi- 
mentary. The body does not exhibit any distinct seg- 
mentation, but some of its parts are always arranged in a 
more or less star-like or " radiate " manner. Examples of 
the sub-kingdom are the Fresh-water Polypes (Hydra), 
the Sea-anemones {Actinia) ^ the Sea-firs, Sea - jellies, 
Corals, <&c. 

SUB-KINGDOM III. ANNULOIDA. 

The name Annvloida (Latin, annuliLSy a ring ; Greek, 
eidosy form) is given to this sub-kingdom because of the 
resemblance of some of the animals which it comprises to 
the true Annulosa or Ringed animals, such as the Worms. 
This sub-kingdom includes the two classes of the Echino- 
dermata and Scolecida, and is characterised by the follow- 
ing peculiarities : — The body-cavity is completely shut off 
from the digestive cavity (when this is present), so that 
the body-cavity in no case communicates with the outer 
world through the mouth. There is a distinct nervous 
system, and sometimes a blood-system. In all, there is a 
peculiar system of " water-vessels," consisting of canals 
which are distributed through the body, and in most cases 
receive water from the outside through an aperture in the 
walls of the body. The fully-grown animal is sometimes 
more or less star-like or " radiate " in the arrangement of 
its parts, sometimes more or less elongated and worm-like. 
In no case, however, does the body consist of a regular 
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series of segments placed one behind the other, nor are 
their limbs disposed symmetricaUy on the two sides of 
the animal Examples of the sub-kingdom are the Star- 
fishes, Sea-urchins, Tape-worms, Kound-worms, Wheel- 
animalcules, &c. 

. SXTB-KINGDOM IV. ANNULOSA. 

The name Annulosa is derived from the fact that the 
animals included in this sub-kingdom possess bodies 
which are composed of a succession of distinct segments 
or "rings" (Latin, anmUics, a ring). The sub-kingdom 
includes the classes of the Annelida, Gt'ustacea, Arachnida, 
Myriapoda, and Insecta, which agree with one another in 
the following characters : — The body is composed of suc- 
cessive rings or segments placed one behind the other in 
a longitudinal series. The body-cavity never communi- 
cates with the exterior through the mouth. There is 
mostly a well-developed digestive system, which is always 
shut off from the body-cavity. The nervous system con- 
sists of a double chain of little nervous masses placed 
along the "ventral" or lower surface of the body and 
united by longitudinal cords. The limbs (when present) 
are turned towards that side of the body upon which the 
nervous system is situated, and they are mostly arranged 
in symmetrical pairs on the two sides of the body. Ex- 
amples of the sub-kingdom are the Leeches, Earth-worms, 
and Sea-worms ; the Lobsters, Shrimps, and Crabs ; the 
Spiders and Scorpions ; the Centipedes and Millipedes ; 
and the true insects (Beetles, Butterflies, Dragon-flies, 
House-flies, and the like). 



SUB-KINGDOM V. MOLLUSCA. 

The name of this sub-kingdom is derived from the fact 
that the animals comprised in it have soft bodies (Latin, 
mollis, soft) ; and they are commonly called " Shell-fish," 
because the soft body is generally protected by a hard 



I08 OUTLINES OF NATURAL HISTORY. 

coyering or shell. This sub-kingdom includes the classes 
of the Polyzoa, Turdcata^ Brachiopoda, LaTnellihranchiataj 
Gasteropoda^ Fteropoda, and Cephalopoda, which agree 
in the possession of the following characters : — ^The ani- 
mal is soft-bodied, and does not exhibit either distinct 
segmentation, or any star-like arrangement of its parts. 
Usually, but not umversally, the soft body is protected 
by a hard outer covering or shell. The body-cavity does 
not communicate with the outer world through the 
mouth, and there is always a well-developed digestive 
system which in no case communicates directly with the 
/ody^cavity. The nervous system consists If a single 
principal mass or of scattered masses not arranged in a 
chain. There is usually a distinct heart, and generally 
distinct breathing-organs, but both may be absent. Ex- 
amples of this sub-kingdom are the Sea-mats, Sea-squirts, 
Lamp-shells, Bivalve Molluscs (Oysters, Mussels, and the 
like). Univalve Molluscs (Snails, Whelks, and the like), 
Cuttle-fishes, <&c. 



SUB-KINGDOM VI. VERTEBRATA. 

This sub-kingdom derives its name from the fact that 
the animals comprised in it have a more or less perfectly 
developed backbone fLatin, vertebra, a bone or joint of 
the spine or backbone). Tlie sub-kingdom includes the 
classes of the Pisces (Fishes), AmphMa, Beptilia, Aves 
(Birds), and Mammalia ('Quadrupeds), all of which agree 
with one another in the following characters : — ^The body 
is composed of a number of definite segments placed one 
behind the other in a longitudinal series. The body-cavity 
never communicates with the outer world through the 
mouth, and there is always a well-developed alimentary 
canal which never opens into the body-cavity. A distinct 
blood-system and distinct breathing-organs are invariably 
present. The nervous system is placed in a oavity dis- 
tinct from the general body-cavity, and is situated along 
the back of the animal. With one exception, the ner- 



THE SUB-KINGDOMS. IO9 

YOiis system consists of a distinct brain and spinal cord, 
and the latter is protected from injury by a more or less 
well - developed backbone or "vertebral colimin." The 
limbs (when present) are never more than four in number, 
and are turned away from that side of the body upon 
which the main masses of the nervous system are sit- 
uated. Examples of the sub-kingdom are the various 
kinds of Fishes, the Newts, Frogs, and Toads ; the Tor- 
toises, Snakes, Lizards, and Crocodiles; the Birds; and 
the numerous species of true Quadrupeds or Mammals. 
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iaws of, 39 ; body - rings and 
legs of, 40 ; eyes of, 39 ; diges- 
tive system of, 41 ; heart of, 
41 ; breathing-organs of, 41 ; 
nervous system of, 41; habits 

■ of,. 41. 

Cephalopoda,!!', characters of, 75. 
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Cilia, of Paramceciunif 9 ; of Feet of Star-fish, 19. 

Wheel-animalcule, 21. Fins of Perch, 77. 

Cixlenterata, characters of, 105. Flugtra, form of, 47 ; cells of, 47- 

OrotaltLS {see Rattlesnake). 49 ; tentacles of, 49 ; digestive 

Cnutaceaf 27 ; characters of, 34. system of, 49 ; neryous system 

Cuttle-fishes, 71. of, 50 ; habitat of, 50. 

Foot, of Mya, 67 ; of Whelk, 65. 

Digestive system, of Paramced' Foot-jaws, of Lobster, 81 ; of 

um, 10 ; of Hydra, 13 ; ofAcHniaf Centipede, 39. 

16 ; of Star-fish, 20 ; of Wheel- Fresh- water Polype (see Hydra), 

animalcule, 22 ; of Leech, 26 ; Frog, deyelopment of, 8o, 84 ; 

of Lobster, 33 ; of Spider, 33 ; form of, 84 ; skin o^, 85 ; mouth 

of Centipede, 41 ; of Dragon- and tongue of, 85 ; heart of^ 

fly, 44; of Flwtra, 49; of As- 86 ; breathing -organs of, 86 

cicUa, 53 ; of TerebraiuUif 5^ ; nervous system and sense-or 

of Mya, 60 ; of Whelk, 67 ; of gans of, 86 ; skeleton of, 87 

Hyalea, 70 ; of Calamary, 73 ; habits of, 87. 
of Perch, 80 ; of Frog, 85 ; of 

Battlesnake, 91 ; of Goose, 96 ; Qapeb (see Mya). 

of Dog, 102. Oasteropoda, 64 ; characters of, 

Dog, form of, 99 ; hairs of, 99 ; 69. 

skull of, 100 ; jaws of, 100 ; Gill-coyer of Perch, 81. 

teeth of, 100 ; backbone of. Gills, of Lobster, 33 ; of Mya^ 

101 ; limbs of, 102 ; digestive 59 ; of Whelk, 67 ; of Calamary, 

system of, 102 ; blood of, 103 ; 74 ; of Perch, 80 ; of Tadpole, 

heart of, 103 ; breathing-organs 86. 

of, 103 ; nervous system of, 103. Gizzard of Goose, 96. 

Dorsal fin of Perch, 78. Goose, form of, 93 ; feathers of, 

Dragon-fl^, head of, 42 ; eyes of, 94 ; hind limb and foot of, 95 ; 

42 ; jaws of, 43 ; thorax of, 44 ; eyes of, dQ ; beak of, 96 ; diges- 

wings of, 44 ; abdomen of, 44 ; tive system of, 96 ; heart of, 

digestive system of, 44 ; heart 96 ; lungs of, 97 ; nervous sys- 

of, 45; breathing -oigans of, tem of, 97; skeleton of, 97; 

45 ; nervous system of, 45; met- habits of, 97, 98. 
amoiphosis of, 45, 46 ; habits 

of, 4o. Head, of Lobster, 29 ; of Spider, 

35 ; of Centipede, 89 ; oi Dra- 

Echinodermata, 17 ; characters gon-fly, 42. 

of, 20. Head-shield of Lobster, 31. 

Eosphora {ne Wheel-animalcule). Heart, of Lobster, 38 ; of Spider, 

Eyes, of Actinia, 16 ; of Star-fish, 38 ; of Centipede, 41 ; of Dra- 

20 ; of Wheel- Animalcule, 23 ; gon-fly, 45 ; of Ascidia, 53 ; of 

of Leech, 26: of Lobster, 31; Mva, 60; of Whelk, 67; of 

of Spider, 3o ; of Centipede, Calamary, 74 ; of Perch, 81 ; of 

89 ; of Dragon-fly, 42 ; of As- Frog, 86 ; of Rattlesnake, 91 ; 

cidia, 52; of Whelk, 65; of of Goose, 96 ; of Dog, 108. 

Calamary, 71 ; of Perch, 81 ; Homarus (see Lobster), 

of Frog, 86 ; of Rattlesnake, Horn-wrack (see Fltisira). 

89 ; of Goose, 96. HyaUa, shell of, 69 ; fins of, 70 ; 

digestive system of, 70 ; heart 

Feathers of Goose, 94. and breathing-organs of, 70 ; 
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nervous system of, 70 ; habitat 
of, 70. 

Hydra, form of, 12 ; tentacles of, 
12; thread-cells of, 13; bud- 
ding of, 13 ; habits of, 14. 

Hydrozoa, 11 ; characters of, 14. 

Incisor teeth of Dog, 100. 
Infusoria, 9; why so called, 9; 

characters of, 11. 
Ink-sac of Calamary, 74. 
Insecta, 42 ; characters of, 46. 
Interspinous bones of Perch, 

79. 

Jaws, of Leech, 25 ; of Lobster, 
31 ; of Spider, 37 ; of Centi- 
pede, 39; of Dragon-fly, 43; 
of Calamary, 73; of Perch, 
79; of Frog, 86; of Rattle- 
snake, 89; of Goo^p, 96; of 
Dog, 100. 

Lamellibranchiata,56; characters 
of, 64. 

Lsunp-shells, 54. 

Lateral line of Perch, 77. 

Leech, form of, 24; suckers of, 
24 ; locomotion of, 24 ; jaws of, 
25 ; digestive system of, 26 ; 
breathing-organs of, 26 ; nerv- 
ous system of, 26. 

Ligament of the shell of Mya, 
62. 

LUhobius {see Centipede). 

Lobster, 27; structure of the 
body of, 29 ; segments and ap- 
pendages of, 29-33 ; digestive 
system of, 33 ; gills of, 33, 34 ; 
heart of, 33 ; nervous system 
of, 34 ; habits of, 34. 

Loligo {see Calamary). 

Mammalia, 99; characters of, 

104. 
Mammary glands, 104. 
Mantle, of Terehratula, 54 ; of 

Mya, 57 ; of Hyalea, 70. 
Metamorphosis of Dragon - fly. 

Molar teeth of Dog, 101. 



Mollvsca, characters of, 107. 

Mm, 57 ; mantle of, 57, 58 ; ad- 
ductor muscles of, 58 ; gills of, 
59; digestive system of, 60; 
respiratory process of, 60 ; shell 
of, 62, 63 ; habits of, 63. 

Myriapoda, 39 ; characters of, 41. 

Nervous system, of Star-fish, 20 ; 
of Wheel-animalcule, 22; o! 
Leech, 26; of Lobster, 34; of 
Spider, 38 ; of Centipede, 41 ; 
of Dragon-fly, 45 ; of Fltistra, 
60 ; of Ascidia, 58 ; of Terehrat- 
ula, 66 ; of Mya, 60 ; of Whelk, 
67 ; of Calamary, 73 ; of Perch, 
81 ; of Frog, 86 ; of Rattlesnake, 
92 ; of Goose, 97 ; of Dog, 103. 

Nervures of the wings of Dragon- 
fly, 44. 

Nettle-cells, of Hydra, 13 ; of 
Actinia, 16. 

Nipping-claws of Lobster, 81. 

Operculum of Whelk, 66. 

Paired fins of Perch, 77. 

Paramoedum, 9; cilia of, 9; di- 
gestive system of, 10; con- 
tractile chamber of, 10. 

Pectoral fins of Perch, 78. 

Pen of Calamary, 75. 

Perca {see Perch). 

Perch, form of, 76 ; scales of, 77 ; 
lateral line of, 77 ; fins of, 77, 
78 ; skeleton of, 79 ; digestive 
system of, 80; gills of, 80; 
heart of, 81; respiratory pro- 
cess of, 81; swim-bladder of, 
81 ; nervous system and sense- 
organs of, 81 ; habits of, 82. 

Pludlusia (see Ascidia), 

Pisces, 76 ; characters of, 82. 

Poison-fangs, of Spider, 87; of 
Centipede, 39 ; of Rattlesnake, 
90. 

Poison-gland of Rattlesnake, 90. 

Polyzoa, 47 ; characters of, 50. 

Proteus- Animalcule (see Amxxha). 

Protozoa, characters of, 105. 

Pteropoda, 69 ; characters of, 70. 
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Quadrate bone, of Rattlesnake, 
89 ; of Goose, 96. 

Radiate type of structure, 14. 

Ramja. {see Frog). 

Rattlesnake, form of, 89 ; scales 
of, 89 ; rattle of, 89 ; eyes of, 
89 ; tongue of, 89 ; jaws of, 89 ; 
teeth o^ 90 ; poison-gland of, 
90 ; <%estive system of, 91 ; 
breathing-organs of, 91 ; heart 
of, 91 ; nervous system of, 92 ; 
skeleton of, 92 ; habits of, 92. 

Rays of the fins of Perch, 77. 

Aeptilia, 88 ; characters of, 93. 

Respiratory sacs, of Leech, 26 ; of 
Spider, 37 ; of Ascidia, 53. 

Ithtzopoda, 6 ; characters of, 8. 

Ringed Worms (see Aiinelida). 

Sanguisuga {see Leech). 

Scales, of Perch, 77 ; of Rattle- 
snake, 89. 

ScoUdda, 21 ; characters of, 23. 

Sea-anemone (see Actinia). 

Sea-mat (see Fltbstra). 

Sea-squirts (see Ascutia). 

Shell, of Tei-ebratula, 54 ; of Mya, 
62, 63 ; of Whelk, 66 ; of Hya- 
lea, 69. 

Siphons, of Mya, 69 ; of Whelk, 
66. 

Skeleton, of Perch, 79 ; of Frog, 
87 ; of Rattlesnake, 92 ; of 
Goose, 97; of Dog, 101. 

Soft rays of fins of Perch, 78. 

Spider, head and thorax of, 35; 
legs of, 36 ; eyes of, 36 ; jaws 
of, 37; abdomen of, 37; spin- 
nerets of, 37 ; breathing-organs 
of, 37 ; digestive system of, 38; 
heart of, 38; nervous systerii 
of, 38 ; habits of, 38. 

Spinnerets of Spider, 37. 

Spinous rays of fins of Perch, 78. 

Star-fish, form of, 17 ; skin of, 
18 ; feet and water-vessels of, 
19, 20 ; digestive system of, 20 ; 
nervous system of, 20 ; respira- 
tion of, 20 ; habits of, 20. 



Sub-kingdoms, 104. 
Suckers of Calamary, 72. 
Swim-bladder of Perch, 81. 
Swimmerets of Lobster, 32. 

Tadpole of Frog, 83. 

Tail, of Lobster, 29; of Perch, 

78 
Teeth, of Perch, 80 ; of Frog, 85 ; 

of Rattlesnake, 90 ; of Dog, 100. 
Tegenaria {see Spider). 
Tentacles, of Hydra, 12; of Ac- 

tinia, 14 ; of Flustra, 49 ; of 

Calamary, 73. 
Terebratula, 54 ; shell of, 54 ; 

arms of, 55 ; digestive system 

of, 56 ; nervous system of, 56 ; 

habits of, 56. 
Thorax, of Lobster, 29 ; of Spider, 

35; of Dragon-fly, 44. 
Thread-cells, of Hydra, 13; of 

Actinia, 16. 
Tongue, of Whelk, 67 ; of Hyalea, 

70; of Calamary, 73; of Frog, 

85; of Rattlesnake, 89. 
Tunicata, 51 ; characters of, 53. 
Tunics of Ascidia, 52. 

Univalves, 64. 
Unpaired fins of Perch, 78. 
Uraster {see Star-fish). 

Ventral fins of Perch, 78. 

Vertebra, 79. 

Vertehrata, characters of, 108. 

Waldheimia (see TerebrattUa). 
Water- vessels, of Star-fish, 20 ; of 

Wheel-animalcule, 22. 
Wheel-animalcule, 21 ; ciliated 

wheel of, 21 ; digestive system 

of, 22; water- vessels of, 22; 

nervous system of, 22. 
Whelk, 64 ; foot of, 65 ; siphon 

of, 66 ; shell of, 66 ; tongue of, 

67 ; digestive system of, 67; 

heart and breatmng-organs of, 

67; habits of, 68. 
Wings of Dragon-fly, 44. 



WORKS BY THE SAME AUTHOR 



I. 

A MANUAL OF ZOOLOGY, 

FOB THE USE OF STUDSMTS. 

With a General Introduction on the Principles of Zoology. 

Third Edition, revised and enlarged. 

Crown 8vo, pp. 706, with 280 Engravings, 12s. 6d. 

II. 

TEXT-BOOK OF ZOOLOGY, 

FOR THE USE OF SCHOOLS. 

Second Edition. 
Crown Svo, with numerous Engravings on Wood, 6s. 

in. 

INTEODUCTORY TEXTBOOK OF ZOOLOGY, 

FOR THE USE OP JUNIOR CLASSES. 

Second Edition. 
With 127 Engravings, 2s. 6d. 

IV. 

A MANUAL OF PALEONTOLOGY, 

FOR THE USB OF STUDENTS. 

With a General Introduction on the Principles of Palaeontology. 
Crown Svo, with upwards of 400 Engravings, 15s. 

V. 

EXAMINATIONS IN NATURAL HISTORY. 

Being a Progressive Series of Questions adapted to the 
Author's Text-Books. 

Price Is. 



WILLIAM BLACKWOOD & SONS, Edinburgh and London. 



EDUCATIONAL WORKS 

PUBLISHED BY 

WILLIAM BLACKWOOD & SONS, 

EDINBURGH AND LONDON. 



Zoology. 

A MANUAL OF ZOOLOGY, for the Use of 

Students. With a General Introduction on the Principles of 
Zoology. By Henry Alleyne Nicholson, M.D., F.R.S.E., 
F.G.S., &c.. Professor of Natural History in the University of 
Toronto. Third Edition. Crown 8vo, pp. 706, with 280 Engrav- 
ings on Wood, I2S. 6d. 
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Laneet, May 18, 1872. 

BY THE SAME AUTHOR. 

TEXT-BOOK OF ZOOLOGY, for the Use of 

Schools. Crown 8vo, with numerous Engravings on Wood, 6s. 

<* This capital introduction to natural history is illustrated and well got up 
in every way. We should be glad to see it generally used in schools."— Jfedt- 
c(U Press and Circular. 

INTRODUCTORY TEXT-BOOK OF ZOOLOGY, 

FOR THE Use of Junior Classes. With 127 Engravings. A 
New Edition, 2s. 6d. 

* ' Very suitable for junior classes in schools. There is no reason why any one 
should not become acquainted with the principles of the science, and the facts 
on which they are based, as set forth in this volume."— Xaneet. 

INTRODUCTION TO THE STUDY OF BIO- 
LOGY. Crown Bvo, with numerous Engravings, 55. 

" Admirably written and fairly illustrated, and brings within the com- 
pass of 180 pages the record of investigations and discoveries scattered over 
as many volumes. Seldom indeed do we find such subjects treated in a style 
at once so popular and yet so minutely accurate in scientific detail "— 
Scotsman. 

A MANUAL OF PALiEONTOLOGY, for the Use 

of Students. With a General Introduction on the Principles of 
Palaeontology. Crown 8vo, with upwards of 400 Engravin^^, 155. 

EXAMINATIONS IN NATURAL HISTORY; being 

a Progressive Series of Questions adapted to the Author's Introduc- 
tory and Advanced Text-Books and the Student's Manual of 
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OUTLINES OF NATURAL HISTORY, for Be- 

jdnners ; being Descriptions of a Progressive Series of Zoological 
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** Few of owt h£MdJbock8 <iif pftpuiar ^eietiM eon he gaid to have greater or 
more dseitioe merit than tkoee of Mr Page <m Geology and PaUBontohgy. 
They are elear and vigorous in ttyle, they never oppress the reader unth a 
pedantic display qf learning, nor overwhelm him with a j^ompoits and super^ 
jliMus termvMiogy ; and th^ have the Jiapjay art of takvng him straightway 
to the face of nature herself, instead cf leading himoy the tortuous andoevrild' 
eringpa^is of technical system and artificial classification.**— ^txirdxy Re- 
view. 

INTRODUCTORY TEXT-BOOK OF GEOLOGY. 

By David Page, LL.D., Professor of Geology in the Duiliam 
University of Physical Science, Newcastle. With Engravings on 
wood and Glossarisd Index. Tenth Edition. 2s. 6cl. 

" It has not been our good fortune to examine a text-book on acienoe of 
which we could express an opinion so entirely favourable as we are enabled to 
do of Mr Page's little work."— ^tAeneeutn. 

ADVANCED TEXT-BOOK OF GEOLOGY, De- 
scriptive AND Industrial. By the Same. With Engravings, 
and Glos^hry of Scientific Terms. Fifth Edition, revised and 
enlarged. 7s. 6d. 

" We have carefully read this truly satisfiactory book, and do not hesitate to 
say that it is an excellent compendium of the great facia of Geology, and writ- 
ten in a truthftd and philosophic spirit."— jBdrnfrury^ Philos^hicM Journal 

*' As a school-book nothing can match the Advanced Text-Book of Geology 
by Professor Page of XewcasUe.'*— JTM^anies* Magagine, 

'* We know of no introduction containing a larger amount of information in 
the same space, and which we could more cordially recommend to the geologic 
cal student."— JLtAtffMBum. 

THE GEOLOGICAL EXAMINATOR. A Progres- 

sive Series of Questions, adapted to the Introductory and Advanced 
Text-Books of Geology. Prepared to assist Teachers in framing 
their Examinations, and Students in testing their own Progress and 
I^oficiency. By the Same. Fifth Eklition. gd. 

SYNOPSES OF SUBJECTS taught in the Geo- 
logical Class, College of Physical Science, Newcastle-on-Tyne, 
University of Durham. By the Same. Fcap., doth, 2s. 6d. 

THE CRUST OF THE EARTH : A Handy Out- 
line OF Geology. By the Same. Sixth Edition, is. 

'* An eminently satis&ctory work, giving, in less than 100 pages, an admir- 
able outline sketch of Geology, . . . forming, if not a ro3^ road, at least 
one of the smoothest we possess to an inteliiiBient acquaintance with geolo- 
gical phenomena." — Scotsman. 

" Of singular merit for its clearness and trustworthy character. "—Sieondord. 

GEOLOGY FOR GENERAL READERS. A Series 

of Popular Sketches in Greology and Palaeontology. By the Some. 
Third Exlition, enlarged. 6s. 

''This is one ot the best of Mr Page's many good books. It is written fai a 
Howing popular style. Without Ulufitc&Uou or way extraneous ai^ tibe nan 
tive must piove attractive to any inte\\igQnt T«aA«;'--4|«iAogVA«JL Maqpurins. 
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HANDBOOK OF GEOLOGICAL TERMS, GEO- 

LOGY, AND PHYSICAL GEOGRAPHY. By the Same. 
Second Edition, enlarged. 7s. 6d. 
" The (mly dietioxuury of Geology in the English langoage— modem in date, 
and exhaostiTe in treatment."— i2meii>. 

CHIPS AND CHAPTERS. A Book for Amateurs 

atid Young Geologists. By the Same. 5s. 

THE PAST AND PRESENT LIFE OF THE 

GLOBE. WUh numerous Illustrations. By the Same. Crown 
8vo. 6s. 

THE PHILOSOPHY OF GEOLOGY. A Brief Re- 
view of the Aim, Scope, and Character of Geological Inquiry. 
By the Same. Fcap. 8vo. 3s. 6d. 
'*The great value of Mr Page's yolume is its suggestive oharactec The 
porohlems he discnsses are the highest and most interesting in the science 
— those on which it most hecomes the thinkers and the leaders of the age to 
make np their minds. The time is now past for geologists to observe silence 
on these matters, and in this way to depreciate at once the interest tund im- 

Sortance of their investigations. It is well to know that, however they may 
ecide, questions of high philosophy are at stake, and therefore we give a 
hearty welcome to every book which, like Mr Page's, discusses these questions 
in a fair and liberal spirit "--^eotMtan. 

Phymal Geography. 

INTRODUCTORY TEXT-BOOK OF PHYSICAL 

GEOGRAPHY. With Sketch-Maps and Illustrations. By David 
Page, LL.D., Professor of Geology in the Durham Univer- 
sity of Physical Science, Newcastle. Fifth Edition. 2s. 
** The divisions of the subject are so clearly defined, the explanations are so 
lucid, tiie relations of one portion of the subject to another are so satisfactorily 
shown, and, above all, the bearings of the allied sciences to Physical Geography 
are brought out with so much precision, that everv reader will feel that diflf- 
culties luive been removed, and the path of study smoothed before him."— 
AthencBum, 

ADVANCED TEXT-BOOK OF PHYSICAL GEO- 
GRAPHY. By the Same. With Engravings. Second Edition. 

5s. 
" A thoroughly good Text-Book of Fhysioal Geography."— Saturday RevUw. 

EXAMINATIONS ON PHYSICAL GEOGRAPHY. 

A Progressive Series of Questions, adapted to the Introductory and 
Advanced Text-Books of Physical Geography. By the Same. 
Second Edition. 9d. _______ 

COMPARATIVE GEOGRAPHY. By Carl Ritter. 

Translated by W. L. Gage. Fcap., 3s. 6d. 

Botany. 

ADVANCED TEXT-BOOK OF BOTANY. For 

fhe Use of Students. By Robert Brown, M.A., Ph.D., 
F.R.G.S., Lecturer on Botany under the Science and Art Depart- 
ment of the Committee of the Prm CA\aud\oxkl£i^»Ra}ci<sGu 
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NEW AND GREATLY IMPROVED EDITION. 

A MANUAL OF MODERN GEOGRAPHY, Mathe- 
matical, Physical, and Political. By the Rev. Alexander 
Mackay, LL.D., F.R.G.S. Crown 8vo, pp. 676. 7s. 6d. 
This volume — ^the result of many years' unremitting application — is 
speciaUy adapted for the use of Teachers, Advanced Classes, Candi- 
dates for the Civil Service, and proficients in geography generally. 

TWENTY-SECOND THOUSAND. 

ELEMENTS OF MODERN GEOGRAPHY. By 

the Same. Twelfth Edition, revised to the present time. Crown 

8vo, pp. 300. 3s. 
The 'Elements' form a careful condensation of the 'Manual,* the 
order of arrangement being the same, the river-systems of the globe 
playing the same conspicuous part, the pronunciation beinggiven, and 
the results of the latest census being uniformly exhibited. This volume 
is now extensively introduced into many of the best schools in the 
kingdom. 

FIFTY-NINTH THOUSAND. ^ 

OUTLINES OF MODERN GEOGRAPHY: Four- 

TEENTH Edition, revised to the present time. By the Same. 

tSmo, pp. 112. IS. 
These * Outlines ' — ^in many respects an epitome of the * Elements ' — 
are carefully prepared to meet the wants of beginners. The arrange- 
ment is the same as in the Author's larger works. Minute details are 
avoided, the broad outlines are graphically presented, the accentua- 
tion marked, and the most recent changes in politicad geography ex- 
hibited. 

forty-first THOUSAND, REVISED TO THE PRESENT TIME. 

FIRST STEPS IN GEOGRAPHY. By the Same. 

i8mo, pp. 56. Sewed, 4d. In cloth, 6d. 

GEOGRAPHY OF THE BJIITISH EMPIRE. 

From • First Steps in Geography.* By the Same. 3d. 



Agriculture. 

CATECHISM OF PRACTICAL AGRICULTURE. 

By Henry Stephens, F.R.S.E., Author of the *Book of the 
Farm.* A New Edition. With Engravings, is. 

PROFESSOR JOHNSTON'S CATECHISM OF 

AGRICULTURAL CHEMISTRY. A New Edition, edited by 
Professor Voelcker. With Engravings, is. 

PROFESSOR JOHNSTON'S ELEMENTS OF 

AGRICULTURAL, CHEMISTRY AND GEOLOGY. A New 
Edition, revised and brought doYm to lYft pxc^enl time, by G. T. 
Atkinson, B. A., F.C.S., Clifton CoWe^e. Yc»o\scwp, e&, eA. 
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Geographical C/ass-Books. 



OPOnOKS OF DB MACEAT'S SERIES. 
MANUAL. 

Aiimial Address of the President of the Royal Geo^graphical Society 
(Sir Roderick I. Mttrchison). — ^We most admire the ability and persevering 
research with which he has succeeded in imparting to bis 'Manual' so much 
flreshness and originality. In no respect is this character more apparent than 
in tbe plan of arrangement, by which the author commences his description of 
the physical geography of each tract by a sketch of its true basis or geological 
structure. The work is lai]gely sold in Scotland, but has not been sufficiently 
spoken of in England. It is, indeed, a most useful school-book in opening out 
geographical knowledge. 

Saturday Review. — It contains a prodigious array of geographical facta, 
and will be found useful for reference. 

English Journal of Education.— Of all the Manuals on Geography that 
have come under our notice, we place the one whose titiie is given above in the 
first rank. For fulness of information, for knowledge of method in arrange- 
ment, for the manner in which the details are handO[ed, we know of no work 
that ean, in these respects, compete with Mr Mackay's Manual. . 

ELEMENTS. 

A. KEITH JOHNSTON, LL.D., F.R.S.E., F.R.G.S., H.M. Geographer 
for Scotland, Anther of the ' Physical Atlas,' &c. &c.— There is no work 
of the kind in this or any other language, known to me, which comes so near 
my ideal of perfection in a school-book, on the important subject of which it 
trei^ In arrangement, style, selection of. matter, clearness, and thorough 
accuracy of statement, it is without a rival; and knowing, as I do, the vast 
amount of labour and research you bestowed on its production, I trust it will 
be so appreciated as to insure, by an extensive sale, a well-merited reward. 

O. BIOKERTON, Esq., Edinburgh Institution.— I have been led to form 
a very high opinion of Mackay's ' Manual of Geography' and * Elements of Geo- 
graphy,' partly from a careful examination of them, and partly from my expe- 
rience of the latter as a text-book in the Edinburgh Ikstitxttion. One of 
their most valuable features is the elaborate Table of River-Basins and Towns, 
which is given in addition to the ordinary Province or County list, so that a 
good idea may be obtained by the pupil of the natural as well as the political 
relationship of the towns in each country. On all matters connected with 
Physical Geography, Ethnography, Government, &c., the information is full, 
accurate, and well digested. They are books that can be strongly recommended 
to the student of geography. 

RIOHARD D. GRAHAM, English Master, College for Daughters of 
Ministers of the Church of Scotland and of Professors in the Scottish 
XTniTeraities. — No work with which I am acquainted so amjtly fulfils the con- 
ditions of a perfect text-book on the important subject of which it treats, as Dr 
Mackay's 'Mements of Modem Geography.' In fulness and accuracy of de- 
tails, in the scientific grouping of facts, combined with clearness and simplicity 
of statement, it stands alone, and leaves almost nothing to be desired in the 
way of improvement Eminently fitted, by reason of this exceptional variety 
ana thoroughness, to meet all the requirements of hieher education, it is never 
wttlioat a living interest, which adapts it to tht intelligence of ordinarv pupils. 
Itli not the least of its merits that its information is abreast of aU the latest 
Mrdopments in geographical science, accurately exhibiting both tbe recent 
polltleal and territorial changes in Europe, and tbe many important results of 
nodera travel and research. 

Spectator.— The best Geography we have «veT mt\i'ii\^2^ 
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niPBOYED EDinOKS. 



School Atlases. 

By a. KEITH JOHNSTON, LUD., &c. 

Author of the Royal and the Physical Atlases, &c. 

ATLAS OF GENERAL AND DESCRIPTIVE GEO- 
GRAPHY. A New and Enlarged Edition, suited to the best Text- 
Books ; with Geographical information brought up to the time of 
publication. 26 Maps, clearly and uniformly printed in colours, 
with Index. Imp. 8vo. Half-bound, 12s. 6d. 

ATLAS OF PHYSICAL GEOGRAPHY, iUustratmg, 

in a Series of Original Designs, the Elementary Facts of Gbology, 
Hydrography, Meteorology, and Natural History. A 
New anpl Enlarged Edition, containing 4 new Maps and Letter- 
press. 20 Coloured Maps. Imp. 8vo. Half-bound, 12s. 6d. 

ATLAS OF ASTRONOMY. A New and Enlarged 

Edition, 21 Coloured Plates. With an Elementary Survey of the 
Heavens, designed as an accompaniment to this Atlas, by Robert 
Grant, LL.D., &c., Professor of Astronomy and Director of the 
Observatory in the University of Glasgow. Imp. 8vo. Half-bound, 
I2S. 6d. 

ATLAS OF CLASSICAL GEOGRAPHY. A New 

and Enlarged E^tion. Constructed from the best materials, and 
embodying the results of the most recent investigations, accom- 
panied by a complete Index of Places, in which the proper 
quantities are given by T. Harvey and E. Worsley, MM. A. 
Oxon. 21 Coloured Maps. Imp. 8vo. Hcdf-bound, 12s. 6d. 

" This Edition is so much enlarged and improved as to be virtually a new 
work, surpassing everything else of the kind extant, both in utility and beauty. " 
-^Ath^ruBum. 

ELEMENTARY ATLAS OF GENERAL AND 

DESCRIPTIVE GEOGRAPHY, for the Use of Junior Classes ; 
including a Map of Canaan and Palestine, with General 
Index. 8vo, half-bound, 5s. 

NEVir ATLAS FOR PUPIL-TEACHERS. 

THE HANDY ROYAL ATLAS. 46 Maps clearly 

printed and carefully coloured, with General Index. Imp. 4to. 
£2, I2S. 6d., half-boimd morocco. A New Edition, brought up to 
the present time. 

This work has been constructed for the purpose of placing in the 

hands of the public a useful and thoroughly accurate Atlas of Maps 

of Modem Geography, in a convenient form, and at a moderate price. 

It is based on the * Royal Atlas,' by the same Author ; and, in so 

far as the scale permits, it comprises many of the excellences which its 

prototype is acknowledged to possess. The aim has been to make the 

book strictly what its name implies, a Handy Atlas — ^ valuable sub- 

stitute far the ' Royal,' where that is too buXk-^ 01 too «ic9«nsive to find 

a place, a needful auxiliary to the )\imoT bxaxkcYos ol VtmiSors^wA. ^ 

»aa^^f fnecufft to the tutor and the pupVL-teasiiet. 



EDUCATIONAL WORKS. 



ArithmetiCj &c. 



THE THEORY OF ARITHMETIC. By David 

MUNN, F.R.S.E., Mathematical Master, Royal High School of 
Edinburgh. Crown 8vo, pp. 294. 5s. 

"We want books of this kind very much— books which aim at developinc 
the edncationiU valoe <^ Arithmetic by showing bow admirably it is calcolataa 
to ezertdse the thinkinK powers of the young. Your book is, I think, ezceUent 
—brief bat clear ; and 1 look forward to the good effects which it shall produce, 
in awaking the ndnds of many who regard Arithmetic as a mere mechanical 
process."— Prq/'esfor Kelland. 

ELEMENTARY ARITHMETIC. By Edward Sang, 

F.R.S.E. This Treatise is intended to supply the great desider- 
atum of an intellectual instead of a routine course of instruction in 
Arithmetic. Post 8vo, 5s. 

THE HIGHER ARITHMETIC. By the same 

Author. Being a Sequel to ' Elementary Arithmetic' Crown 8vo, 
5s. 

FIVE -PLACE LOGARITHMS. Arranged by E. 

Sang, F.R.S.E. Sixpence. For the Waistcoat-Pocket. 

TREATISE ON ARITHMETIC, with numerous Ex- 

ercises for Teaching in Classes. Bv James Watson, one of the 
Masters of Heriot's Hospital. Foolscap, is. 

EXAMPLES IN BOOK-KEEPING; A Treatise 

SPECIALLY ADAPTED FOR SCHOOLS. By the ReV. JOHN CON- 
STABLE, M.A., Principal of the Royal Agricultural College, Ciren> 
cester. [In the press, 

A GLOSSARY OF NAVIGATION. Containing the 

Definitions and Propositions of the Science, Explanation of Terms, 
and Description of Instruments. By the Rev. J. B. Harbord, 
M.A., Assistant Director of Education, Admiralty. Crown 8vo. 
Illustrated with Diagrams, 6s. 

DEFINITIONS AND DIAGRAMS IN ASTRO- 
NOMY AND NAVIGATION. By the Same. is. 6d. 

ELEMENTARY HANDBOOK OF PHYSICS. With 

210 Diagrams. By William Rossiter, F.R.A.S., &c. Crown 
8vo, pp. 390. ss. 

'* A singularly interesting Treatise on I^ysics, founded on facts and pheno- 
mena gained at first hand hy the Author, and expounded in a style which is a 
model of that simplicity and ease in writing which betokens mastery of the 
tahject. To those who require a non-mathematical exposition of the principles 
of Physics a better book cannot be recommended."— Pa22 Mall Gazette. 

ON PRIMARY INSTRUCTION IN RELATION 

TO EDUCATION. Bv Simon S, Laurie, A.M. Author of 
' Philosophy of Ethics,' &c. Crown 8vo, 4s. 6d. 

THE LIFE AND LABOURS OF THE APOSTLE 

PAUL, A continuous NaxralWe fei ^>^oo\s wA '^S5dft.Oassie&» 
By Charles Michie, M. A. ?cap. ^vo t\o^i\i, t&. 



6 WILUAM BLACKWOOD AND SONS* 



History. 



EPITOME OF ALISON'S HISTORY OF EUROPE, 
FOR THE Use of Schools. Sixteenth Edition. Post 8vo, pp. 
604. 7s. 6d. bound in leather. 

ATLAS TO Epitome of the History of Europe. 
Eleven Coloured Maps. By A. Keith Johnston, LL.D.. 
F.R.S.E. In4to, 7s. 

THE EIGHTEEN CHRISTIAN CENTURIES. By 

the Rev. James White, Author of 'The History of France.' 
Seventh Edition, post 8vo, with Index, 6s. 

'* He has seized the salient points— indeed, the governing incidents — ^in each 
century, and shown their received bearing as well on their own age as on the 
progress of the world. Vigorously and briefly, often by a single touch, has be 
manned the traits of leading men ; when needful, he touches slightly their 
biographical career. The state of the country and of society, of arts and learn- 
ing, and, more than all, of the modes of living, are graphically sketched, and, 
upon the whole, with more fulness than any other division." — SpeeUUor, 

HISTORY OF FRANCE, from the Earliest Times. 

By the Rev. James White, Author of ' The Eighteen Christian 
Centuries.' Fifth Edition, post 8vo, with Index, 6s. 

FACTS AND DATES; or, The Leading Events in 

Sacred and Profane History, and the Principal Facts in the Various 
Physical Sciences : the Memory being aided throughout by a Sim- 
ple and Natural Method. For Schools and Private Reference. By 
the Rev. Alex. Mackay, LL.D., F.R.G.S., Author of 'A Manual 
of Modem Geography/. &c. Second Edition, crown 8vo, pp. 336. 
4s. 

" A most valuable book of reference, which will be of immense service to 
students of history. His wide knowledge has directed the author at once to 
the most trustworthy guides in the various departments of the almost illimit- 
able field he has traversed. . . . Every date throughout is embodied in a 
mnemonic sentence, so happily and tersely illustrative of the event, as to leave 
us fairly astonished at the patience and ingenuity of the author." — Papers for 
the SehoohruuUr. 



Meteorology. 



INTRODUCTORY TEXT-BOOK OF METEOR- 
OLOGY. By Alexander Buchan, M.A., F.R.S.E., Secretary 
of the Scottish Meteorological Society, Author of ' Handy Book of 
Meteorology, ' &c. Crown 8vo, with 8 Coloured Charts and other 
Engravings, pp. 218. 4s. 6d. 

" A handy compendium of Meteorology by one of the most competent aatho- 

ritjes on this branch of science."— Ptftermarm'* Qeogra/phitcTu MittheiQmng«ti. 

** We can neconunend it as a handy, clear, and scientific introduction to the 

theory of Meteorology, written by a man wYioY^u «N\dL!aA2i;:s xoistoed hi* tab- 

Ject. "^Zaneet 

'An exceedingly nseftil volume.** — Athevioeutn. 
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English Language. 



THE SCHOOL ETYMOLOGICAL DICTIONARY 

AND WORD-BOOK. Combining the advantages of an ordinary 
Pronouncing School Dictionary and an Etymological Spelling-Book. 
By the Rev. James Stormonth. Fcap. 8vo, pp. 254, 2s. 

PROGRESSIVE AND CLASSIFIED SPELLING- 
BOOK. By Hannah R. Lockwood, Authoress of 'Little 
Mary's Mythology.' Fcap. 8vo, is. 6d. 

ENGLISH PROSE COMPOSITION : A Practical 
Manual for Use in Schools. By James Currie, M.A., 
Principal of the Church of Scotland Training College, Edinburgh. 
Eighth Edition, is. 6d. 

" We do not remember having seen a work so completely to our mind as this, 
which combines sound theory with j udicious practice. Proceeding step by step, 
it advances from the formation of the shortest sentences to the composition of 
complete essays, the pupil being everywhere furnished with all needful assist- 
ance in the way of models and hints. Nobody can work through such a book 
as this without thoroughly understanding the structure of sentences, and 
acquiring facility in arranging and expressing his thoughts appropriately. It 
ought to be extensively used."— At AenceuTii. 

A MANUAL OF ENGLISH PROSE LITERA- 

TURE, Biographical and Critical : designed mainly to show char- 
acteristics of style. By W. Minto, M.A. Crown 8vo, los. 6d. 

** Is a work which all who desire to make a close study of style in English 
prose will do well to use attentively."— Standard. 

"Here we do not find the eramhe repetita of old critical forraulse, the simple 
echoes of.superannuated rhetorical dicta, but a close and careful analysis of the 
main attributes of style, as developed in the work of its greatest masters, 
stated with remarkable clearness of expression, and arranged upon a plan of 
most exact method. Nothing can be well conceived more consummate as a 
matter of skill than the analytical processes of the writer as he lays bare to our 
view the whole anatomy — even eveiy joint and sinew and artery in the framework 
—oi the sentence he dissects, and as he points out their reciprocal relations, 
their minute interdependencies." — School Board Chronicle, 

"An admirable book, well selected and well put togeOm.^'—Westminster 
Review. 



A TREASURY OF THE ENGLISH AND GER- 

MAN LANGUAGES. Compiled from the best Authors and 
Lexicographers in both Languages. Adapted to the Use of Schools, 
Students, Travellers, and Men of Business ; and forming a Com- 
panion to all German-English Dictionaries. By Joseph Cauvin, 
LL.D. & Ph.D., of the University of Gottingen, &c. Crown 8vo, 
7s. 6d., boimd in cloth. 

" An excellent English-Oerman Dictionary, which supplies a real wanf — 
Saturday Review. 

" The difficulty of translating English into German may be greatly alleviated 
by the use of this copious and excellent English-Oerman Dictionary, which 
specifies the different senses of each English word, and gives suitable German 
equivalents. It also supplies an abundance of idlom«.Uc; \k\ctAs&»c^tji^, ^^K'^i!^ 
many pnsM^es from Shakespeare and otheT «l\x\9ciot% v^U^ T«tA«wA.\sv^«n»«».. 
Comptu-ed with other dictionaries, it hMdeGULeeLVj\\i« %!\nwi\»^.*— AiivrrwKww^^ 
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Crown 8vo» pp. 760, 7s. 6d.» 
AN ETYMOLOGICAL AND PRONOUNCING 

DICTIONARY 

OF 

THE ENGLISH LANGUAGE. 

INCLUDING A VERY COPIOUS SBLBCTION X>P 

SCIENTIFIC, TECHNICAL, AND OTHER TERMS AND PHRASES. 
DESIGNED FOR USE IN SCHOOLS AND COLLEGES, 

AND AS 

A EAKD7 BOOK FOB GEHESAL BEFEBEHCE. 
By the Rev. JAMES STORMONTH, 

AND THB 

Rev. p. H. PHELP, M.A. 



OPINIONS OF THE PRESS, 

" This will be found a most admirable and useful Dictionary by 
the student, the man of business, or the general inquirer. Its 
design is to supply a full and complete pronouncing, etymological, 
and explanatory Dictionary of the English language ; and, as nr as 
we can judge, in that design it most completely succeeds. It con* 
tains an unusual number of scientific names and terms, English 
phrases, and familiar colloquialisms ; this will considerably enhance 
its value to the general searcher after information. The author 
seems to us to have planned the Dictionary exceedingly well. The 
Dictionary words are printed in bold black type, and in single 
letters, that being the form in which words are usually presented 
to the reader. Capital letters begin such words only as proper 
names, and others which are alwajrs so printed. They are grouped 
under a leading word, from which they may be presumed naturally 
to fall or be formed, or singly follow in alphabetical order — only 
so, however, when they, are derived from the same leading root, 
and when the alphabetical order may not be materially disturbed. 
The roots are enclosed witihm brackeXs, ^ndfot them the works of 
the best and most recent aullioiiWfes sfc«m\a\»Nt\jfcWDL«»tfflalJfi^ 
The meanings are those usuatfty ^Neaci, \>\yl^l\ie5\iKw\*«DL«Dw^a5B«^ 
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OPINIONS -continued. 

as macli as possible. Nothing unnecessary is given; but, in the 
way of definition, there will be found a vast quantity of new matter. 
The phonetic spelling of the words has been carefully revised by a 
Cambridge graduate — Mr Phelp ; and Dr Page, the well-known 
geologist, has attended to the correctness of the various scientific 
terms in the book. The Dictionary altogether is very complete." — 
Greenock Advertiser, 

"This Dictionary is admirable. The etymological part especially 
is good and sound. We have turned to * calamity,' * forest,* 
'poltroon,* and a number of other crucial words, and find them 
all derived according to the newest lights. There is nothing about 
'calamus,* and *foris,' and 'pollice truncus,* such as we used 
to find in the etymological dictionaries of the old type. The work 
deserves a place in every English School, whether boys* or girls'.*' 
— IVestminster Review, 

** A good dictionary to people who do much writing is like a life- 
belt to people who make ocean voyages : it may, perhaps, never be 
needed, but it is always safest to have one at hand. This use of a 
dictionary, though one of the humblest, is one of the most general. 
For ordinary purposes a very ordinary dictionary will serve ; but 
when one has a dictionary it is well to have a good one. That 
which is now before us is evidently a work on which enormous 
pains have been bestowed. The compilation and arrangement 
give evidence of laborious research and very extensive scholarship. 
Special care seems to have been bestowed on the pronunciation 
and et)rmological derivation, and the ' root-words * which are 
given are most valuable in helping to a knowledge of primary 
significations. All through the book are evidences of elaborate 
and conscientious work, and any one who masters the varied con- 
tents of this dictionary will not be far off the attainment of the 
complete art of 'writing the English language with propriety,' in 
the matter of orthography at any rate.** — Belfast Northern Whig, 

** This strikes us as likely to prove a useful and valuable work. 
The number of scientific terms given is far beyond what 
we have noticed in previous works of this kind, and will in great 
measure render special dictionaries superfluous. Great care seems 
also to have been exercised in giving the correct etymology and 
pronunciation of words. We trust the work may meet with the 
success it deserves.** — Graphic, 

" We feel bound to accord high praise to this work, and we do 
so with great pleasure. It is extremely suitable for students at 
college, or in the higher classes of schools ; and we know of none 
of its kind better for general reference, to Ue at hand, and be rea.d?j . 

ior consultation in the study ox on 0\e '^\o>ax-\si^J^'fe.^'' — E.dvwbwr^ \ 
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Ancient Classics 

FOR 

English Readers 

BY VARIOUS AUTHORS. 

EDITED BY 

Rev. W. LUCAS COLLINS, M.A. 

Author of ' Etoniana/ ' The Public Schools/ &c. 



OPINIONS OF THE PRESS. 

"We gladly avail ourselves of this opportunity to recommend the 
other volumes of this useful series, most of which are executed with dis- 
crimination and ability.'* — Quarterly Review, 

' ' These Ancient Classics have, without an exception, a twofold value. 
They are rich in literary interest, and they are rich in social and histori- 
cal interest. We not only have a faithful presentation of the stamp and 
quality of the literature which the master-minds of the classical world 
have bequeathed to the modem world, but we have a series of admir- 
ably vivid and graphic pictures of what life at Athens and Rome was. 
We are not merely taken back over a space of twenty centuries, and 
placed immediately under the shadow of the Acropolis, or in the very 
heart of the Forum, but we are at once brought behind the scenes of the 
old Roman and Athenian existence. As we see how the heroes of this 
'new world which is the old' plotted, intrigued, and planned; how 
private ambition and political partisanship were dominant and active 
motives then as they are now ; how the passions and the prejudices 
which reign supreme now reigned supreme then ; above all, as we dis- 
cover how completely many of what we may have been accustomed to 
consider our most essentially modem thoughts and sayings have been 
anticipated by the poets and orators, the philosophers and historians, 
who drank their inspiration by the banks of Ilissus or on the plains of 
Tiber, we are prompted to ask whether the advance of some twenty cen- 
turies has worked any great change in humanity, and whether, substi- 
tuting the coat for the toga, the park for the Campus Martius, the 
Houses of Parliament for the Fomm, Cicero might not have been a 
public man in London as well as an orator in Rome?" — Morning 
Advertiser. 

' • A series which has done, and is doing, so much towards spreading 
among Englishmen intelligent and appreciative views of the chief clas- 
sical authors." — Standard. 

' ' To sum up in a phrase our smcere and hearty commendation of one 

of the best serial publications we \ia\e evei e,^«imTi^, vt^xnay just say 

that to the student and the scholar, and Vo \ftift"«\\si\&Tkfc\^« ^«^^^ 

nor student, they are simply priceless as a m^MiscS. «.sM5iYWR.^«sA^- 

tending a /amiliar acquaintance YfilVi lYie greaX. c\asstfiHif\Xssc&Ql Qcww* 

-loof Rome. "-^Belfast Northern Whig. 
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ovmioi^s— continued, 

" It is difficult to estimate too highly the value of such a series as this 
in giving ' English readers ' an insight, exact as far as it goes, into those 
olden times which are so remote and yet to many of us so close. It is 
in no wise to be looked upon as a rival to the translatijj^s whidi have 
at no time been brought forth in greater abundance or in greater excel- 
lence than in our own day. On the contrary, we should hope that 
these little volumes would be in many cases but a kind of stepping-stone 
to the larger works, and would lead many who otherwise would have 
remained in ignorance of them to turn to the versions of Conington. 
Worsley, Derby, or Lytton. In any case a reader would come with 
far greater knowledge, and therefore with far greater enjoyment, to the 
complete translation, who had first had the ground broken for him by 
one of these volumes. " — Saturday Review, Jan. i8. 



List of the Volumes published. 



l.-HOMER: THE ILIAD. 

By THE Editor. 

• ' We can confidently recommend this first volume of ' Ancient Classics 
for English Readers ' to all who have forgotten their Greek and desire 
to refresh their knowledge of Homer. As to those to whom the series 
is chiefly addressed, who have never learnt Greek at all, this little book 
gives them an opportunity which they had not before — an opportunity 
not only of remedying a want they must often have felt, but of remedy- 
ing it by no patient and irksome toil, but by a few hours of pleasant 
reading. " — Times, 

ll.-HOMER: THE ODYSSEY. 

By THE Editor. 



<i 



Mr Collins has gone over the ' Odyssey' with loving hands, and he 
tells its etemsdly fresh story so admirably, and picks out the best pas- 
sages so skilfully, that he gives us a charming volume. In the ' Odyssey, ' 
as treated by Mr Collins, we have a story-book that might charm a 
child or amuse and instruct the wisest man." — Scotsman, 



lll.-HERODOTUS. 
By George C. Swayne, M.A. 

" This volume altogether confvTmslYv^\3^^'ft&\«s^J^dlL^'^^ 
formed as to the workmanship and \\ift >ia\\ifc o1 ^^ ^Bc«&r — liax\H 
Te/egraph, 



14 Aiiui ii^(ipiti^ nsioB 



■-■>* 






IV.-THE COMMENTARIES QE:C>feSA^. 

By Anthony Trollop*. .« 

*' We can only say that all admirers of Mr Trbllope will iad-his 
' Caesar/ almogkif not quite, as attractive as his most popular nbvd, 
while they will Vso find that the exiraicies of faxishfol translation have 
not been able to subdue the charm of bis peculiai* Myle. The ofriginal 
part of his little book — the introductipn and conclusion — are admimbly 
written, and the whole work is quite up to the standard of its predeces^ 
sors, than saying which, we can give no higher praise." — Vanity Fair, 

V.-V I R G I L. 

By THE Editor. 

"Such a volume cannot fail to enhance the reputation of this promis- 
ing series, and deserves the perusal of the most devoted Latinists, not 
less than of the English readers for whom it Is designed." — Contemporary 
Review, 

" It would be difficult to describe the ' iGneid * better than it is donv 
here, and still more difficult to find three more delightful works than the 
• Iliad, the ' Odyssey,' and the 'Virgil* of Mr CoMixas.** —Standard, 

VI.-HORACE. 

By Theodore Martin. 

" Though we have neither quoted it, nor made use of it, we have no 
hesitation in saying that the reader who is wholly or for the most part 
unable to appreciate Horace untranslated, may, with the insight he 
gains from the lively, bright, and, for its size, ^chaustive little volume 
to which we refer, account himself hereafter ftmiiliar with the many- 
sided charms of the Venusian, and able to enjoy allusions to his life and 
works which would otherwise have been a sealed book to him." — Quar- 
terly Review, 

"We wish, after closing his book, to be able to read it again for the 
first time ; it is suited to every occasion ; a pleasant travelling com- 
panion ; welcome in the library where Horace himself may be consulted; 
welcome also in the intervals of business, or when leisure is abundant." 
— Edinburgh Review, 

" In our judgment, no volume (of the series) hitherto has come up to 
the singular excellence of that now under con^deration. The secret of 
this is, that its author so completely puts himself in Horace's place, scans 
the phases of his life with such an insight into the poet's character and 
motives, and leaves on the reader's mind so little of an impression that 
he is following the attempts of a mere modem to realise the feelings 
and expressions of an ancient. Real genius is a freemasonry, by which 
the touch of one hand transmits its secret to another ; and a capital proof 
of this is to be found in the sldll, tact, and fellow-feeling with whicb Mr 
Martin has executed a task, the merit and value of which is quite oat 
of proportion to the size and pretens^oiks of his volume." — Saturday 
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yil.-;feSCHYLUS. 

By Reginald S. Copleston, B.A:' 

" A really deUgbtfiiil little volume."— ZA/ Examiner, 
"The autliiu' with ^om Mr Copleston has here to deal exemplifies 
the adwtntagie of the method which has been used in this series. . . . 
Mr Copleston has apprehended this maia principle, as we take it to be, 
of his work : has worked it out with skill and care, and has given to the 
public a volume which fulfils its intention as perfectly as any of the 
series"— Spectator. 

VIII-XENOPHON. 

By Sir Alexander Grant, Bart., 

Principal of the University of Edinburgh. 

"Sir Alexander Grant tells the story of Xenophon's life with much 
eloquence and power. It has evidently been with him a labour of love ; 
while his wide reading and acciurate scholarship are manifest on nearly 
every page." — T/u Examiner, 

IX.-C I C E RO. 

By THE Editor. 

"No charm of style, no facility and eloquence of illustration, is 
wanting to enable us to see the great Roman advocate, statesman, and 
orator, in the days of Rome's grandeur, in the time of her first fataJ 
hastening to her decadence, with whom fell her liberty two thousand 
years ago. The first lines of introduction to this fascinating book are 
full of help and light to the student of the classical times who has not 
mastered the classical literature, and in whose interests this book is 
done, simply to perfection." — Saunder^ News-Letter, 



X.-SOPHOCLES. 

By Clifton W. Collins, M.A. 

' ' Sophodes has now been added to the acceptable and singularly 
equal series of ' Ancient Classics for English Readers.' Mr Collins 
shows great skill and judgment in analysing and discriminating the 
plays of the sweet singer of Qx^QXkv&,^*— Guardian, 

XI.-PLINY'S LETTERS. 
By the Rev. Alfred Church, M.A., and 

The Rev. W. J. Brodribb, M.A. 

• • This is one of the best volumes of the series called ' Ancient Classics 
for English Readers.' . . . This graceful little volume will introduce 
Pliny to many who have hitherto known nothing of the Silver Age." — 
Athenceum. 

' ' Mr Lucas Collins's very useful and popular series has afforded a fit 
opportunity for a sketch of the life and writings of the younger Pliny ; 
and the writers of the volume before us have contrived, out of their 
intimate and complete familiarity with their' subject, to place the man, 
his traits of character, his friends, and his surroundings so vividly before 
us, that a hitherto shadowy acquaintance becomes a distinct and real 
personage." — Saturday Review, 
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X I l.-E U R I P I D E Si 

By W. B. Donne, 

" Mr Donne's earlier chapters will be found extremely serviceable in 
helping to a right conception of the times, the scenes, and the char- 
acters amidst which Euripides was matured. In no * Theatre of the 
Greeks ' do we find so vivid and distinct an expression of the aspect of 
the Attic clime, its amusements, and its representative men, in the days 
of the youngest member of the drsunatic triumvirate. . . . We 
take leave of a tribute to the merit of ' Euripides ' which is calculated 
to enhance the appreciation of the most pathetic and philosophic of 
Greek dramatists." — Saturday Review. 

XIII.-JUVENAL. 

By Edward Walford, M.A. 

' ' This is one of the best executed volumes of the whole series of 
•Ancient Classics,' and exhibits Mr Walford's critical powers in a very 
favourable light." — Pall Mall Gazette. 

XIV.-ARISTOPHANES. 

By THE Editor. 

"In the excellent 'Ancient Classics for English Readers' no single 
volume has been better done than 'Aristophanes' by the Rev. W. 
Lucas Collins, who edits the whole of the Series. He has made liberal 
use of Mr Hookham Frere's translation of the Comedies, and has 
occasionally ventured, with no meagre success, on versions of passages 
of which Mr Frere seems to have failed to bring out the fuU meaning. 
Some of those who are already familiar with the Plays of Aristophanes 
may, here and there, be inclined to cavil at Mr Collins* dicta — as, for 
instance, where he estimates 'The Wasps* at a lower level than its 
companions, but on the whole there has been no work yet published 
which brings the great Greek comedian better within the comprehen- 
sion of the average Englishman. As a mere literary treat this volume 
is dirt cheap at half-a-crown, and, as we have said, we incline to rank 
it among the very best of the marvellous series for which they who are 
not Cla^ical scholars, and some who have half foigotten their College 
lore, have to thank the publishers of Maga." — Standard, Oct. 21. 

XV-HESIOD. AND THEOGNIS. 

By the Rev. J. Davis, M.A. 

•• If all the other works of this series are written with the same ability 
as • Hesiod,' and ' Theognis,' a very valuable addition, in an unpretend- 
ing form, will have been made to the literature of the coyxaXry." —Satur- 
day Review, yan, 18. 

XVI -TERENCE AND PLAUTUS. 

By THE Editor. 

XVII.-TACITUS. 

By W. B. Donne. 

A Volume is published Quarterly, price 2s. 6d. 
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WORKS ON NATURAL HISTORY 
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WILLIAM BLACKWOOD & SONS. 



A MANUAL OP ZOOLOGY, for the Use of Stu- 
dents. With a General Introduction on the Principles of 
Zoology. By Henry Allkynk Nicholson, M.D., F.R.S.E., 
&c., Professor of Natural History in the University of Toronto. 
Third Edition. Crown 8vo, pp. 706, with 280 Engravings on 
Wood. 12s. 6d. 

'' Dr Nicholson's Manual has this advantage that it is preceded 
by a general introduction on the principles of zoology. This por- 
tion of the work is of the deei)est possible interest, inasmuch as it 
brings up the present state of our knowledge of zoology to the 
very latest period. We fail to recognise in any previous zoological 
author the peculiar judicial art, which Dr Nicholson exhibits, of 
showing all sides of the question, while apparently in no case oh- . ■ 
truding his own individual opinions. This naturally places the ) 

present work on a far higlier level than that possessetl by its pre- J 

decessors. . . . It is the best manual of zoology yet published, . \ 
not merely in England but in Europe." — From the Pall Mall 
Oazettij, July 20, 1871. 

" A work which in point of accuracy far surpasses most of the 
manuals which of late years have issued from the press." — Popular 
Science Review. 

By thk samk Author. 

INTRODUCTORY TEXT-BOOK OP ZOOLOGY, 

for the Use of Junior Classes. With 127 Engravings. A Now 
Edition. 2s. 6d. 

" Very suitable for junior classes in schools. There is no reason 
why any one should not become acquainted with the principles of 
the' science, and the facts on which they are ba&ed, as set forth iu 
this volume." — Lancet. 

'' The book is well suited to become the text-book for schools, 
and contains nothing that an ordinary schoolboy of thirteen or 
fourteen could not understand. We hail such a work as tending 
to the introduction of Natural History teaching in schools, a sub- 
ject which has hitherto been neglected, owing greatly to the want 
of such text-books as the one before us." — Quarterly Journal of 
Science. 

By thk samk Author. 

ADVANCED TEXT-BOOK OP ZOOLOGY, for 

the Use of Schools. Second Edition. Crown 8vo, with 188 

Engravings. 63. 
" The author's Text-book, regarded from this point of view, is a 
decided success ; it is just what was wanted. The subject has 
been treated in a scientific spirit, but at the same time so clearly 
and well as to be quite within the comprehension of any young 
student who will bring ordinary attention to his task." — Lancet. 



Advanced Text-Book of Zoology — Opinions continued. 



" This is an excellent treatise for its put pose. Dr Nichohon's 
style is singularly intelligent; he conveys much information in a 
small space, and is especially clear in his explanations of the vari- 
ous zojological classes and their chai-acteristics. The introductory 
chapter is a model of lucid writing on a difficult point, the distinc- 
tions between plants and animals." — Nonconformist. 

By the same Author. 

EXAMINATIONS IN NATURAL HISTORY ; 

being a Progressive Series of Questions adapted to the Author's 
Introductory and Advanced Text-Books and the Students* 
Manual of Zoology. Is. 

By the same Author. 

INTRODUCTION TO THE STUDY OP BIO- 
LOGY. Crown 8vo, with numerous Engravings. 5s. 

" Nowhere else, we believe, can the student, whether he be the 
theologian anxious to learn the set of the tide and the direction of 
the under-current of thought of modern science and philosophy, 
the man of letters, or the medical student, or, lastly, the practi- 
tioner, who is not quite ignorant of the elements of comparative 
anatomy, but is slightly puzzled with such new terms as Homo- 
geny and Homoplasy, Abiogenesis and Bioplasm — ^nowhere else, we 
believe, can these meet with such clear definitions, and with such 
fair expositions of rival theories, as in the pages before us." — 
Medical Press. 

" A work that might well be taken as a text-book for the higher 
classes in schools." — Lancet. 

By the same Author. 

A MANUAIi OP PAIiiEJONTOIiOaY, for the 

Use of Students. With a General Introduction on the Prin- 
ciples of Pala)ontology. With upwards of 400 Engravings. 
One volume, crown 8vo. 15s. 

'^ This is a really valuable contribution to modern scientific liter- 
ature. The want of a good treatise on this subject has been felt 
by students for years past. We have had numerous works on geo- 
logy constantly appearing and reappearing, but a careful and con- 
cise treatise on fossils, giving the latest results of research, has 
been wanting hitherto. This want Dr Nicholson has supplied, with 
his usual clearness, and more than usual completeness, accuracy, 
and care. This book is everything the student can require, and 
the latest and most trustworthy authorities are without exception 
consulted.'" — London Quarterly Review. 

" To say that this is the best handbook yet produced by the pro- 
lific pen of Dr Nicholson is to accord the highest praise. The 
work is profusef^ ' ^^"^^i^^^f^miisi^J^^^ji^rterly Journal of 
Sciiuce. 




